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FOREWORD 

Th clinical care and research progress reported herein 
illustr t again the value of the multidisciplinary team ap­
p roach to spe ific military medical problems. The contribu­
tions of our v terinarians, microbiologists, biochemists, 
rli titians, nurses, physical and occupatio,al therapists as 
w II s thos of all our variously trained physicians have been 

ss ntial to the advances in burn care and to the development 
of th is Institute as a whole. 

Within th past year prognostications of scienti ri~ 
progr ss and achievement as well as budget needs covering the 
next five to ten years have been requested and supplied. The 
assumption that research Is a predictably ordered process which 

an b routinely programmed in thi!, manner has in part con­
tribut d to the current disaffection with science In general, 
since such predictions, once issuing from the investigator, 
are taken as promises of effortless solutions with no 
allowance made for unforeseen problems, frequently making 
r alization less than expectation. Review of this lnstitute's 

11 track record" revea Is that advances in burn care have been 
more episodic than smoothly progressive and that serendipity 
and p rceptive insight, both unprogranwned, have been of 
striking importance. Another limiting consideration In terms 
of assessing payoff Is the "lag" perl J, again illustrated by 
the history of this Institute. Only after 17 years had the 
necessa ry professional team been assembled and the meticulous, 
t dious, descriptive groundwork been laid which resulted In the 
d v lopm nt of eff ctive topical chemotherapy. 

The foresight of the Medical Department in establishing 
this burn unit has only recently been recognized. The quality, 
e onomy and advances of burn care promoted by this Institute are 
now being transmitted to the country at large by organization of 
oth r burn c nters, 40 per cent of which are directed by phy­
sicians who haves rved at this Institute. The exponential 
n tur of the accomplishments, once the proper background was 
created, has more than justified the Medical Department's In-
v stment and recorrrnends similar multidisciplinary units capable 
of effect ive synthesis of clinical and investigative activities 
for any planned attack on other areas of interest in military 
m dicine. /] ·a _;J r.r-? IY"-"',._;· . r; >,,....... • 

BASIL A. PRUITT, JR., ~.D. 
LTC, MC 
Comma nder & Director 
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ABSTRACT 
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The Clinical Division of the US Army Institute of Surgical 
Research has continued to place a major emphasis on providing op­
timal clinical care for military personnel with major the rma l 
injury during the past year. At the sam time, conside rabl e 
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ffort has been expended to pursue cllnlcal Investigation of the 
complex physiological, blochemlcal, and bacterlologlcal altera­
tions noted In burn patients. In addition, almost every request 
for participation of Institute personnel In educational programs 
related to the treatment of trauma has been fulfilled. This 
report sunwnarlzes the activities of the Burn Center In 1970 and 
notes the few adopted departures from previous therapeutic 
modalities. It also cites the recognizable current complica­
tions of burn injury which most frequently contribute to a fatal 
outcome. 

The clinical experience with porcine heterograft, ketamlne 
anesthesia, ultrasonic flowmeter measurements, serial pulmonary 
function evaluation, and treatment of hypertrophlc scar Is out­
lined. In addition, a detailed statistical sunwnary Is In­
cluded, In order to evaluate changing trends In the Incidence 
of complications and mortality. Pulmonary Infection remains 
the conmonest compllcatlon of thermal Injury, and for this 
reason analysis of bacterial cultures from sputum and lung tissue 
Is Included. Providencia stuartll, a gram-negative bacteria, has 
been recovered from sputum with Increasing frequency during the 
past two years, while the Incidence of other bacteria In sputum 
has decreased or remained unchanged. Mortality rates In the 
30"/4-60°/4 burn group appeard to Increase during the same time 
period. However, more extensive Investigation wlll be required 
to establ lsh any definite relatlonshlp between the above 
observations. 

Thermal Injury 
Topi ca 1 Therapy 
Autograft 
Homograft 

Heterograft 
Resuscitation 
Air Evacuation 
Horta 1 i ty 
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CLINICAL OPERATION, BURN CENTER 

Personnel responsible for direction of clinical research, 
education, and medical management at the US Army Institute ~f Sur­
gir.al Research have remained relatively unchanged since publl~~tion 
of the last Annual Report. Therefore, this report will focus only 
on recent changes in medical therapy, current trends, in clinical 
research, and statistical analysis of clinical resu~ts during 
calendar year 1970. Readers interested in admission requirements 
and evacuation procedures are referred to the last Annual Report, 
published 30 June 1970. 

The total number of admissions to the Burn Center Increased 
from 301 In 1969 to 325 In 1970, prlmarlly as a result of a slight 
increase in the number of casualties evacuated from the Republic 
of Vietnam. In Aprl I 1970, the 106th General liospltal, at Kl shine 
Barracks, Yokohama, Japan, was closed, and a new burn holding unit 
was established at the US Army Hospital, Ca~,,., lama, Japan. Burn 
teams from the Institute were again sent an request to Japan for 
preflight evaluation and In-flight care of thermally injured pa­
tients ev~cuated from the Far East. These teams made 20 flights 
from Yokota Air Force Base, Japan, to Kelly Air Force Base, Texas, 
In 1970, and 172 patients were escorted to the Burn Center. 

In addition, 66 emergency air evacuation missions were ac­
complished within the Continental United States, as well as two 
to El Salvador, one to Nicaragua, one to the Canal Zone, and two 
to Alaska. Following preflight evaluation and treatment, 93 pa­
tients were safely returned to the Institute for definitive care. 

Cllnlcal Management 

Detailed descriptions of the management of patients with thermal 
Injury as practiced by th ~s Institute are found in previous Annual 
Reports and In numerous scientific publications. Therefore, the 
following remarks are limited to new and current methods of clinical 
therapy. 

Extensive studies of circulatory changes in circumferentially 
burned extremities utilizing an ultrasonic flowmeter have been 
rewarding, and ultrasonic evaluation of extremity circulation is 
now routinely used as an adjunct to clinical signs in assessing the 
need for escharotomy. The addition of this clinical tool has al­
lowed conservative therapy consisting of extremity elevation and 
exercise in approximately 50% of limbs which would have required 



escharotomy on the basis of clinical signs alone. The importance 
of hourly active exercise in preventing venous stasis• in the distal 
extremity was demonstrated. 

Since pulmonary complications with respiratory failure still 
remain the leading cause of death in the vast majority of patients 
who expire, great e r efforts are now being exerted to diagnose pul­
monary complications as early as possible. In addition to serial 
chest radiographs and arterial blood gas studies, sequential 
measurements of tidal volume, respiratory rate, minute volume, and 
concentration of inspired oxygen are made several times each day 
during the early postburn period. Increasing minute volume with 
tachypnea and labored respirations has been the most reliable sign 
of impending respiratory complications and usually precedes by 
several days changes in b1ood gases, chest X-ray and physical 
findings. Carefu l observation for signs of physical exhaustion 
as a result of increased respiratory effort is required in order 
that mechanical ventilatory assistance can be instituted at the 
optimal time. Tt,e Addition of a cryogenic air compressor to the in­
tensive c~re unit has been of great value in allowing ventilatory 
assistance by pressure sensitive respirators without danger of 
oxygen toxicity. 

We have now had more than two years' experience with the 
utilization of split-thickness porcine cutaneous heterograft as 
a substitute for fresh human homograft in the preparation of granulating 
wounds for appli cation of autograft. Both fresh procine heterograft 
and frozen, electron-beam sterilized porcine heterograft appear to 
be satisfactory substitutes. The latter has the advantage of in­
definite storage but the disadvantage of slightly increased pur-
chase cost. Both animal and clinical studies indicate that the 
application of porcin~ heterograft elicits very little, if any, 
clinically significant immune response. Because it never vascular­
izes, the graft is lost as a result of primary ischemia rather than 
immunologic rejection. 

During the previous 18 months, controll ed clinical trials were 
completed with ketamine anesthesia, and subsequently this anes­
thetic has been extensively utilized for minor reconstructive opera­
tive procedures. There exists a high incidence of perceptual altera­
ti ons following administration of ketamine as compared to control 
groups receiving halothane, regardless of the extent of preoperative 
informative preparation. However, almost all patients receiving 
ke mine found it acceptable and were amenable to its use 
repetitively. 

. I 
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More experience has been gained in the treatment of hyper­
trophic scar fonnation. The application of pressure devices in 
the form of stockings and gloves, the early application of isoprene 
splints to the neck and extremities, and the intradermal injection 
of steroids have all had limited and varied success in the treat­
ment of hypertrophic scar formation and contractures, although each 
is associated with some clinical improvement. Of prime importance 
is early initiation of therapy In patients with deep second-degree 
burns. 

Clinical Research Projects 

Most of the current clinical investigations are reported in 
d~tail in the subsequent pages of this 1·eport. They encompass 
many disciplines and include experimental studies in nutrition, 
intracellular metabolism, platelet function and coagulation dynamics, 
soft tissue calcification, pulmonary and renal function, and gastric 
physiology. In addition, greater efforts have been expended in the 
following areas: the development of artificial skin substitutes and 
alternative topical antibiotics, preparation for the evaluation of 
Pseudomonas hyper immune garrrna globulin, and the experimental study 
of an l!! vitro assay to detect circulating ~ndotoxin. 

Education 

One of the prime missions of the Institute embodies the dis­
semination of current methods of burn treatment to both the military 
and civilian medical community. This is accomplished through in­
house training for surgical residents, foreign physicians, and para­
medical personnel, as well as extensive publication and lecture 
commitments fulfilled by the clinical staff each year. 

During the report period, eight surgical residents from Brooke 
General Hospital, Wilford Hall USAF Hospital, and Fitzsimons General 
Hospital each participated as an active member of the medical staff 
for 2- to 3-month periods as part of their surgical training. Also, 
a senior medical officer from the Public Health Service Indian 
Medical Center In Phoenix, Arizona, participated in a 2-1/2 month 
training period, and three medical students from the University 
of Texas Medical School at San Antonio and Tufts University School 
of Medicine had 4- to 6-week assignments with the Institute. In ad­
dition, 11 physicians representing the US Army, the US Air Force, th1 
US Army Reserve, the US Navy Reserve, and civilian burn units each 
spent one to two weeks at the Institute during the calender year for 
postgraduate training. Flnally, approximately 150 civilians and 
125 military physicians, students and paramedical personnel visited 
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th Institute in 1970. Thirty foreign physicians from Austral la, 
Canada, England, Ghana, India, Israel, Japan, Okinawa, Pakistan, 
Portugal, Republic of Germany, Sweden, Thailand, and Ven zu la 
received extensiv briefings regarding the development and main­
tenance of burn units in general and this Institute in particular. 

More than 90 formal presentations were given by members of the 
Clinical Division during the report period. The staff continued 
to actively participate in teaching programs for physicians, 
nurses, and physical therapists at the Medical Field Servlc 
School, and in addition supported the Brooke General Hospital 
Symposium on Surgical and Orthopedic Aspects of Trauma, th School 
of Aerospace Medicine at Brooks Air Force Base, Texas, the Mili­
tary Medicine and Allied Sciences Course at Walter Reed Army Medical 
Center, the Army Chaplain Training Program at Brooke Army M dlcal 
Center, as well as numerous national and regional civilian medic I 
organizations. Formal scientific presentations were made to the 
American Burn Association, the American Medical Association, the 
Third International Congress for Research in Burns, the Inter­
national Joint Conference on Burn Therapy, the US Civil Def nse 
Council, the American Association for the Surgery of Trauma, the 
American College of Surgeons, and the American Surgical Association. 

Statistical Resume 

During calendar year 1970, 325 thermally Injured patients were 
admitted to the US Army Institute of Surgical Research, of which 
184 (57%) were evacuated from the Republic of Vietnam. There were 
321 dispositions during the year, and all subsequent statistics 
refer to these dispositions. 

The patients ranged In age from 6 months to 81 years and in­
cluded 292 males and 29 females. The average patient was 23.9 years 
of age, with a 30.3% total body surface burn (11.9% third-degree 
burn). Of the 321 dispositions, 250 (78°/4) had some full-thickness 
burn. 

Thirty-six patients (11%) were in the pediatric age group 
(0-14 years). The average child was 6.4 years of age, with 29.4% 
total body surface burn (18.6% third-degree burn). Seventy-eight 
per cent of the children had full-thickness thermal Injury. 

There were 70 deaths among the 321 dispositions, resulting in 
dn over-al I mortality rate of 21.8°/4 , which approximates the mor 
tality rate in 1969. The average patient dying was 29 years of 
age, with a 51.9°/4 total body surface burn, of which 32.6% was third-

I 
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Sixty-two (8 ) oft h d po tmort 
tlons. Only II p tints vacuat d from th R public of 

Vletn xplred, s compared to 59 p ti ts dmltted from th Con-
tin ntal United States, In p rt reflecting the s I ctlon proc 
which occurs during th chain of vacuatlon from the F r E st 
well as th longst ndlng policy of vacuatlng only t mor 
sev r ly burned patients (grater th n 20'Z) ref rr d from within 
th Continental Unit d Stats. Thlrt n of th 70 patl nts 
In th pediatric ag group. T averag postburn d y of d 
was 19. 

The source of admission of patients during 1970 Is tabul t d 
In Table I. Again, the majority of patient wer vacuated from 
the Repu~11c of Vietnam, a total of 184 (5 ). Actlv duty or r -
r tired military personnel accounted for 235 dispositions. In 
addition, 44 dependents of military personnel nd 17 8 n flclarl s 
of the Vett,rans Administration required In-patient th rapy. 

Table 2 sunmarlzes the mode of Injury In patl nts evacuated 
from the Far East from 1965-1970. Hc,st striking Is the marked 
rise In aircraft (primarily helicopter) accidents during the past 
year. Simultaneously, there appears to be a modest decrees In th 
number of men Injured In armed personnel carriers struck by rock t­
propelled grenades. 

Table 3 Illustrates the effect of age nd total body surface 
bum on mortality. It Is Important to note that only one patient 
with gruter than 6 burn survlv d--agaln reinforcing our pr -
vlous reports that topical bacterial suppression has not slgnl• 
flcantly reduced mortality In patients with extensive thermal 
ln'ury. Likewise, there w.s only one survivor less than 2 years 
ot age and one survivor greater then fiO ye•rs of age, recon­
flnnlng the Increased mortality In the pediatric and geriatric 
age groups. 

The mortality rates In lreerements of 10"/4 total body surface 
burn for 1968-1970 are tabul~ted In Table 4. "°st striking Is the 
Increased mortality rate no ed In 1969 nd 1970 In the 30-60°/4 
total body surface burn group as compared to slmllar data from 1968. 

In Table 5, the survival and mortality data for patients with 
greater than 30"/4 burns (1955-1970) are presented. No striking 
change was noted In 1970. 

Table 6 compares mortality In the years 1962 and 1963 prior 
to the use of topical Sulfamylon with the cumulative experience 
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b tw n 1964 and 1970 during which time topical Sulfamylon was 
a lmos t univ rsal ly utili zed to obtain bacterial suppress Jon. Im­
prov d s urviva l figures in the latter group are evident in burns 
up to 60'X of th body surf ace. 

Th av rage required hospitalization for all atients was 54.7 
days . The average postburn day of admission to the Institute was 
11.2 days. The latte ir figure ts somewhat prejudiced toward later 
admiss ion by a numbe r of patients with relatively small burns 
evacuated from the Republic of Vietnam via Japan at 20 to 30 days 
postburn in the second half of the year. 

During the year, 2,357 operations were performed on 282 pa­
ti ents, an average of 8.4 per patient. Ward procedures without 
gene ral anesthesia accounted for 1,789 of these operations. 
Gene ral anesthesia was administered to 202 patients on 530 oc­
casions. an average of 2.6 per patient. Autograft was applied 
at 487 operations to 192 patients (average--2.5 per patient). 
Homograft application was utilized 1,169 times In 209 patients, and 
porcine heterograft was employed on 304 occasions in 110 patients. 

Escharotomy was required In 79 patients (?4.6%). Thirty-six 
patients (11.2%) required an amputation of at least a distal por­
tion of one or more extremities. Of these, 24 had major amputations 
because of extensive soft tissue destruction from thennal Injury, 
electrical injury, or invasive fungal Infection. 

Tracheostomles were performed In 69 patle:nts (21.5%) with res­
piratory failure or upper airway obstruction. Fifty-two of these 
patients eventually expired, Indicating the severity and progressive 
nature of their respiratory dysfunction despite vigorous ventl­
latory support. 

As in previous years , pulmonary infection was again the most 
frequent complication following thermal Injuries. Almost one­
third of all patients had a clln :cal diagnosis of pneumonia during 
their hospital course. Thirty-seven cases of severe lnhalatlon In­
jury were seen. Pneumothorax occurred In 19 patients, usually as 
a result f suppurattve pneumonttls with abscess fonnatlon. 

Of I ,679 blood cultures obtained, 254 (15%) ylelded micro­
organisms in 104 patients (32.4%). Intravenous catheters were 
placed through cutdowns in 53.3% of patients. Percutaneous 
catheters were utilized in the remaining patient population re­
quiring the administration of intravenous fluids. Forty-nine 

' 
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patients underwent exploration of previous cutdown sites for sus­
p~cted suppurative thrombophlebitis, of which 28 subsequently 
proved to be positive by clinical, bacteriological and pathological 
criteria. A total of 753,948 ml of blood ~as administered to 166 
patients (average--4,542 ml/patient). 

All but four patients were treated topically with Sulfamylon. 
Skin reactions were noted in only 14 patients (4.4%), and, after 
treatment with antihistamines, most tolerated continued Sulfamylon 
application. 

Associated 1nJuries were noted in 113 patients (35.2%). Forty 
patients (12.5%) had chondritis of the ears requiring operative 
excision of infected cartilage. Curling's ulcer was diagnosed in 
48 patients (15%) of which seven required operative intervention 
to control hemorrhage. An intraperitoneal operative procedure 
was necessary in 17 additional patients for a variety of traumatic 
or infectious comp I lcations. 

In Table 7, mortality rates of patients admitted from the 
Continental United States are considered apart from the fatalities 
occurring in patients evacuated from the Republic of Vietnam. Such 
a comparison tends to eliminate any bias resulting from a delay in 
admission to this Institute of the Vietnam casualty group, during 
which time the more severely injured patients with significant com­
plications of thermal injury may have expired. Estimated mor­
tality is derived from probit analysis of survival data at this 
institution between 1964-1967. The increased mortality in the 
CONUS patients, first observed last year, remains apparent. Pre­
dicted mortality in 1968 was 19.4% as compared to 22.7% in 1970, 
indicating patient admissions with a similar range of estimated 
extent of burn. However, actual mortality of CONUS patients was 
only 17. 1% in 1968 as compared to 42% in 1969 and 40.2% in 1970. 
This increased mortality rate occurred primarily in the patients 
with 20-60% total body surface burn, the group which had previously 
benefited most from the use of topical antibacterial therapy. Most 
of these patients died with pulmonary complications. Of 42 
fatalities with burns of 20-60%, 32 expired with pneumonia. In 
four others, pulmonary edema and/or inhalation injury contributed 
significantly to the fatal outcome. Providencia stuartii, a gram­
negative bacteria, was recovered from postmortem cultures cf lung 
tissue in 2 of the 32 patients dying with pneumonia (Table 8). 
Pseudomonas was recovered from 11 patients and Aerobacter from 10. 

Pneumonia was thought to be a significant cause of death in 
45 of the 70 patients (all burn sizes) who expired in 1970. and 
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provid nee was recove r d from the lungs in 29 of l h 
In dditlon, pos tmortem blood cultures gr w ou Provl d 
nln occasions as compared to t hr pos itiv ul t ur s 
A robact r and Staphylococcu (coagul as os i t iv ), 
of E. coli, Prote us , Pseudomona , C ndi d , and St phyl 
(coagulase-negative ). 

Ca re ful ana ly s i s of premortem putum u ltur h 
no s i gnificant change in incide nce of bacte ri a l 
th xception of Providencia stuartli, whi c h h 
lnc reas In incide nc be twe n 1967 and 1970. I o lat lon o f t hi 
organism from the s putum was s ocl a t d wi t h a 61.8/ pat i nt 

8) . 

ch 

morta 11 ty. The abov d1, ta s ugges t t h po s I b I Ii ty that th i g ram­
negat Ive bacterial strain may subsequently prov to b a igni­
ficant pathogen associated with Infectious comp lica tion of th rma l 
Injury. It appears to attack pri marily vi a th r spiratory t r~ct 
r ther than through the burn wound itse lf. At pr s ent, no sati -
factory antibacterial agent is availabl e for treatment of mor 
than 90"k of recovered Provide nce strains. 

Bacteriological surveys have failed to Identify a sourc of 
bacte rial seeding on the ward. In fact, many pati ents are found 
to harbor Providence on their burn wounds at the time of ad­
mission, before e~posure to the ward environment has occurred. 
Independent review of treatment methods has not revealed any sig­
nificant departures from the clinical procedures practiced in 
1967 or 1968. Therefore, we suspect, at present, that the increased 
Incidence of Providence pneumonia roepresents a~~ bum complication nd 
have Intensified our efforts to perfect an animal model for future 
experimental investigation. 

Sunwnary 

During calendar year 1970, 325 patients were admitted to the 
US Anny Institute of Surgical Research. Previously reported 
therapeutic modalities developed at the Institute over the past 
five years were maintained. In addition, the clinical utilization 
of the ultrasonic flowmeter, more sophisticated pulmonary function 
measurements, split-thickness porcine heterograft, and ketamlne 
anesthesia has allowed for Improved therapeutic management of pa­
tients with thermal injury. 

Recent clinical research activities include investigations 
Into a wide variety of physiological and biochemical abnormalities 
which are frequently observed In patients following severe trauma. 
Also, a major effort has been made to share the lnstitute's 
extensive clinical experience In management of thermal injury 
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wit h both th military and c ivilian m dical and paramedical com­
mu nity by active partici~ation in a large nurftb r of training 
prog ram and medical meetings. A list of publications, presen­
tations and xhlbits follows this t xt. 

Pulmo,ary infection remains the most frequent complication 
of burn injury. Hortallty data sugg st that fatalities in the 20"k 
to 6<:fi burn patient have increased during the past two years as a 
result of septic complications. Providencia stuartii has appeared 
in sputum cu I tu re with greater frequency dur Ing th Is same time 
p riod. Unfortunately, most strains of this gram-negative bac-
t rla are resistant to presently available antibiotics. These 
results have lnsplr d a more Intensive experimental search for 
m thods which might be implemented in the prevention and treatment 
of pneumonia. 

Th senior author wishes to express his deep gratitude to all 
the staff members of the Clinical Division, each of whom has con­
tributed substantially to the care and rehabilitation of a large 
numb r of s verely injured patients during the past two years. 
Th ir enthusiasm and scientific curiosity are truly COf1'lflendable, 
and their unselfish devotion to delivering the best possible 
medical care assures the continued success of the Institute in 
dev loping new and improved treatment. 

Pub 1 i cations 

Pruitt BA Jr, Flemrna RJ, DiVincentl FC, Foley FD, Hason AD Jr: 
Pulmonary complications in burn patients. J Thoracic & Cardiovasc 
Surg 59:7-20, 1970. 

O'Neil 1 JA Jr: The influence of thermal burns on gastric dCid 
secretion. Surgery 67:267-271, 1970. 

Zawacki BE, Switzer WE, Hason AD Jr, Johns LA: Does Increased 
evaporative water loss cause hypermetabol ism in burned patients. 
Ann Surg 171 :236-240, 1970. 

Pruitt BA Jr, Stein JH, Foley FD, Moncrief JA, O'Neill JA Jr: 
Intravenous therapy in burn pati nts: Suppurative thrombo­
phlebitis and other life-threatening complications. Arch Surg 
100:399-404, 1970. 

Stein JH, Pruitt BA Jr: Suppurative thrornbophlebltis--A lethal 
iatrogenic disease. New Engl J 'Med 282: 1452-1455, 1970. 

I 
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Pruitt BA Jr, DIVincentl FC, Hason AD Jr, Foley FD, Flemna RJ: 
The occurrence and significance of pneumonia and other pulmonary 
complications In burned patJents: Comparison of conventional and 
topical treatments. J Trauma 10:519-531, 1970. 

Curreri PW, Katz AJ, Dotin LN, Pruitt BA Jr: Coagulation ab­
normal I ties In the thermally injured patients. In, Current 
Topics In Surgical Research, Vol 2, DB Skinne and PA Ebert, Eds, 
N w York, Academic Press Inc, 1970, pp 401-411. 

Bruck tl1, Asch HJ, Pruitt BA Jr: Burns in children: A 10-year 
experience with 412 patients. J Trauma 10:658-662, 1970. 

Curreri PW, Asch HJ, Pruitt BA Jr: The trec,tment of chemical 
burns: Special I zed diagnostic, therapeutic and prognostic 
considerat ions. J Trauma 10:634-642, 1970. 

Curreri PW, Lindberg RB, DIVincentl FC, Pruitt BA Jr: Intravenous 
administration of carbenlclllln for septicemia due to Pseudomonas 
aeruglnosa fol I owing thermal injury. J Infec t Dis 122 :S46-43, 1970. 

Zawacki BE Jr: Recent advances In burn treatment. Surgery 68: 
i.12-418, 1970. 

Moncrief JA, Pruitt BA Jr: Electric injury. Postgrad Med 48: 
189-194, 1970. 

Pruitt BA Jr, Foley FD, Honcrlef JA: Curling's ulcer: A cllnlcal­
pathologlc study of 323 cases. Ann Surg 172:523-539, 1970. 

Pruitt BA Jr: Management of burns In the multiple Injury patient. 
Surg Cl In N Amer 550:1283-1300, 1970. 

Curreri PW, Pruitt BA Jr: Evaluation and treatment of the burned 
patient. Amer J Occup Ther 24:475-480, 1970. 

Von Prine~ KKP, Curreri PW, Pruitt BA Jr: Appllcatlon of 
fingernal hooks In spllntlng of burned hands. Amer J Occup Ther, 
24:556-559. 1970. 

Asch HJ, White HG, Pruitt BA Jr: Acid base changes associated 
with topical Sulfamylon therapy: Retrospective study of 100 burn 
patients. Ann Surg: 172:946-950, 1970. 
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rui BA Jr : Mn m nt of Th rmal Injury, Randolph AFB Hop 
ro Ml , R ndo lph AFB, T xa. 

Th o il in pr nt tion w r m d to HFSS Phy ical Therapy 
Su nl , MFSS, BAMC, FSHT, 23 J n 1970 : 

G I I ,ay KF: Nur in Car for the Burn d Pati nt. 
Von Pr in KMP: 0 upatlonal Th rapy for th Burn d Patl nt. 
H II WF, Kir n EM: Phy i Th rapy for the Burned Patient. 
R I r JM: Phy io lo y nd Tr atm nt of the Burn d Patient. 

Curr ri PW : 
BAMC, FSHT, 

nt of Burns. Al"IEDD ~ff Basic Course, HFSS, 
1970. 

I loway KF: Nur ing Car for th Burned Pati nt. Cl in Sp c Cours , 
BGH, BAMC, FSHT, 10 Jan 1970. 

Pruitt BA Jr : ACS S ct Htg, Portland,Or, 2-4 Feb 70. 

u rr ri PW: Coagulation Abnormalities In 
in Tr tm nt of P"eudomonas Infections; 
in Burns. Surg Staff Conf, Univ of Texas 
T x , 6 F b 70. 

Burns: Carbenlclllln 
nd, Fungus Infections 
Hed Sch, San Antonio, 

Galloway KF: Nursing Care of the Burned Patient. Flight Nurses, 
Sh of A rospace Hed, Brooks AFB,Tex, 6 Feb 1970. 

Curreri PW: Tr atment of Burns. San Antonio Explorer Scouts, BGH, 
BAHC, FSHT, 7 Feb 1970. 

Pruitt BA Jr: Univ Jf So Cal Conf on Emergency Hed, Los Angeles, 
Cal, 10-12 Feb 70. 

Th following pr sentations were made to the Brooke Gen Hosp 
Symp on Surgical & Orthopaedic Aspects of Trauma, BGH, BAHC, FSHT 
2-5 M r 1970. 
Curr ri PW: R suscitation, Initial Treatment and Transportion of 

the Burn Patient. 
Pruitt BA Jr: Septic Comp I ications--Pulmonary and Vascular. 
Si Iv rst in,P: Coverage of the Burn Wound. 
Ing WW Jr: Electrical Injury. 
Moylan JA Jr: Chemical Injury. 
Bruck HM: Nons ent ic Comp I ications of Thermal Injury. 

' 
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Galloway KF: Concepts of Intensive Care Nurs ing. Adv Nursing Car er 
Course, HFSS, BAHC, FSHT, II Har 1970. 

Moylan JA Jr: Treatment of Burns. Allied H d Offic rs Cours , HFSS, 
BAHC, FSHT, 12 Har 1970. 

Galloway KF: Nursing Car of the Burn d Pati nt. F·l lght Nur s s 
and Technicians, Sch of ~erospace Hed, Brooks AFB, T xa , 16 Har 1970. 

Galloway KF: Nursing Care of the Burned Patient. RN Club, BAMC, FSHT, 
17 Har 1970. 

Pruitt BA Jr, Curreri PW: Management of Burns and Curr nt Rs arch. 
Hil Med and Allied Sciences Course, Walter Reed Army Med Ctr, 
Washington DC, 17,18 Har 1970. 

Curreri PW: Coagulation Factor Changes in Burns, Carbenicill in 
Therapy and Opportunistic Infections. San Antonio Surg Soc , San 
Antonio, Texas, 24 Har 1970. 

Galloway,KF: Concepts of Intensive C~re Nursing: Adv Nursing Carer 
Course, HFSS, BAHC, FSHT, 24 Har 1970. 

Inge WW Jr: Treatment of Burns. Allied Hed Officers tours , Sch 
of Aerospace Med, Brooks AFB, Tex, on Ward 14A, BAHC, FSHT, 25 Har 
1970. 

SIiverstein P: Care of the Burned Patient. Boston City Hosp, Boston, 
Hass, 2 Apr 1970. 

The following presentations were made to the Second Anl Htg of the 
Amer Bur Assoc, Bosto~, Hass, 10-11 Apr 1970. 

Reckler JH: A Critical Evaluation of Fluid Resuscitation in the 
Burned Patient. 

Bruck tl1: Invasive Phycornycosis: A Highly Lethal Complication of 
Thermal Injury. 

Galloway KF: Orientation and Education of New Nursing Service 
Personnel to a Burn Unit. 

Moylan JA Jr: Ocular Complications of Thermal Injury: A Review 
of a Five-Year Experience Including 112 Patients. 

Curreri PW: A Study of Coagulation Factors in the Thermally Injured 
Patient. 

Von Prince KHP: The Use of Special Devices in Burn Wound Care. 

Curreri PW: Burns. Dept of Surgery Grand Rounds, Univ of Penn. 
Sch of Med, Phi la, Penn, 14 Apr 1970. 
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Bruck HH: A 10-Y ar Experience with Burns In Children. Dept of 
Pediatrics, Columbia Coll of Physicians & Surgeons, New York, NY, 
14 Apr 1970. 

Galloway KF: Panel on th~ Therapeutic Team. Army Chaplain Tng 
Program, BGH, BNIC, FSHT, 14 Apr 1970. 

Bruck HH: Current Problems in Burn Therapy. Surg Staff, Columbia 
Coll of Physicians & Surgeons, New York, NY, 16 Apr 1970. 

The fo 11 owl ng presentat Ions were made to the T,'!nnessee Chap of the 
Amer Physical Therapy Assoc, Knoxville, Tenn 2~ Apr 1970: 

Brue~ lf1: Initial Care, Infection, Role of Sulf1J111Ylon and wound 
Coverage; Burns of the Hand; Burns and Frac:tures. 

Kirkman EM: Role of the Physical Therapist In the Acute Burn: 
Maintenance of Function and Prevention of Contractures: The 
Use of Splinting Devices In Burns. 

The following presentations were made to the Nebraska Chap of the 
Arner Physical Therapy Assoc, Scottsbluff, Neb, 25 Apr 1970: 

Curreri PW: Evaluation and Therapy of the Thermally Injured 
Patient: Diagnosis and Treatment of Conrnon Complications In 
Burned Patients. 

Miller AV: Intensive Care of the Patient with Major Burns: 
Specialized Knowledge and Techniques of the Burn Unit Nurse. 

Hall WF: Physical Therapy Principles and Practice Prior to Eschar 
Separation; Functional Results Following Intensive Physical 
Therapy Programs In the Convalescent -Patient. 

Von Prince KHP: Principles of Spl Int Ing and Special Devices Prior 
to Definitive Grafting; M·anufacture of Spl lnts and Special 
Devices. 

Galloway KF: Nursing Care of Burns. Lackland AFB RN Club, 
Lackland AFB, Texas, 28 Apr 1970. 

Pruitt BAJ : Curling's Ulcer: A Cl lnlcal-Pathologlc Study of 
321 Cases. Amr Surg Assoc Mtg, White Sulphur Springs, W Va, 
27-29 Apr 1970, 

Pruitt BA Jr: Pulmonary Effects of Thoracic and Nonthoraclc Trauma; 
and, Temporary and Permanent Burn Wound Coverage. Symp on Trauma, 
and Symp on Burns, Sch of Med Univ of N Mex, Albuquerque, N Mex, 
1,2 May 1970. 

' 
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Pruitt BA Jr : The Management of Infections in Seriously Burned 
Patients. Symp on Changing Pc"l tterns of Bacterial Infections and 
Antibiotic Therapy, San Francisco, Cal, 7,8 Hay 1970. 

Galloway KF: Nursing Care of the Burned Patient. Flight Nurses and 
Technicians, School of Aerospace Med, Brooks AFB, Tex, I I May 1970. 

Pruitt BA Jr: Emergency Measures in the Treatment of Burns; and, 
The Surgical Treatment and Complications of Penetrating Wounds of 
the Colon and Rectum. ACS 14th Anl Postgrad Course on Fractures 
and Other Trauma, Chicago, 111, 13-16 May 1970. 

Galloway KF: Goals of Intensive Care Nursing, BGH and ISR Nursing 
Staff and Corpsmen, BGH, BAMC, FSHT, 15 Muy 1970, 

Pruitt BA Jr: Participant in Workshop on Burn Injury; Participant 
in Workshop on Gastrointestinal Response to Trauma. Inst of Gen 
Med Sci Trauma Symp, Washington, DC, 18-20 Hay 1970, 

Curreri PW: Treatment of Burns. Camp Lejeune and Cherry Point Hosp 
Staff, Camp Lejeune, N Car, 21 Hay 1970, 

Pruitt BA Jr: Experiences with Hyperalimentation in Burn Patients. 
Shock Comm of Natl Res Council, Wash DC, 21 Hay 1970. 

Moylan JA Jr: Treatment of Burns. AMEDD Off Adv Course, HFSS, 
BAMC, FSHT, 12 Jun 1970, 

Curreri PW: Supranormal Dietary Intake In lhermal ly lr,j:..red 
Hypermetabolic Patients. AHA 19th Anl Convention, Chicago, 111, 
24 Jun 1970. 

Bruck HM: Institute of Surgical Research Burn Ward. Intern 
Orientation Program, BGH, BAMC, FSHT, 30 Jun 1970. 

Galloway KF: Nursing Care of Burned Patients. 91C Cl lnical 
Specialist Course, BGH, BAHC, FSHT, 1 Jul 1970. 

Newsome TW: Treatment of Burns. AMEDD Off Basic Course, HFSS, 
BAHC, FSHT, 23 Jul 1970. 

Pruitt BA Jr: Burns in Children. House Staff, San Antonio 
Children's Hosp, San Antonio, Texas, 25 Jul 1970. 

Galloway KF: Nursing Care of Burned Patients. Baptist Hosp 
Sch of Nursing, San Antonio, Texas, 6 Aug 1970. 

0 
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Silverstein P: Treatment of Burns. AMEDD Off Basic Course, MFSS, 
BAMC, FSHT , 7 Aug 1970. 

Curreri PW: Treatment of Burns. Interns, BGH, BAMC, FSHT, 8 Aug 
1970. 

Curreri PW: Treatment of Burns. AMEDD Off Basic Course, MFSS, 
BAMC, FSHT, 21 Aug 1970. 

Inge WW Jr: Treatment of Burns. AMEDD Off Basic Course, MFSS, 
BAMC, FSHT, 2 Sep 1970. 

Galloway KF: Nursing Care of the Burned Patient. Nursing ln­
Servic~ Program, Randolph AFB Hosp, Randolph AFB, Texas, 2 Sep 
1970. 

Pruitt BA Jr: Care of the Extensively Burned Patient. US Army Hosp, 
Frankfurt, Germany, 9 Sep 71. 

Galloway KF: Concepts of Intensive Care Nursing. Adv Nursing 
Career Course, MFSS, BAMC, FSHT, 10 Sep 1970. 

Pruitt BA Jr: Pathophysiology of Early Postburn Period;and, 
Treatment of the Extensively Burned Patient. US Army Hosp, 
Nuremberg, Germany, 10 Sep 1970. 

Pruitt BA Jr: Management of Complications of Burns, and, 
Management of the Extensively Burned Patient. US Army Hosp, 
Landstuhl, Germany, 11 Sep 1970. 

Pruitt BA Jr: Current Management of the Severely Burned Patient. 
Med-Surg Staff of US Army Hosp, Heidelberg, Germany, 14 Sep 1970. 

Newsome TW: Complications of Burns. Med Staff, Randolph AFB 
Hosp, Randolph AFB, Texas, 15 Sep 1970. 

Pruitt BA Jr: Early Hemodynamic Changes in the Burned Patient; 
and, Coverage of the Burn Wound. Staff of the Oslo City Hosp, 
Oslo, Norway, 18 Sep 1970. 

Palm L: Panel on Perceptual Motor Dysfunction. Continuing Med 
Edu Program of Texas Occup Therapy Assoc, Austin, Tex, 21 Sep 
1970. 

' 
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The following presentations were made at the meeting of the Third 
International Congress for Research in Burns, Prague, Czech, 
21-25 Sep 1970: 

Pruitt BA Jr: Hemodynamic Studies of Burned Patien t s During 
Resuscitation; and, Diagnosis and Treatment of Curling's 
Ulcer. 

Curreri PW : Study of Coagulation Fac t ors in the Thermally 
Injured Patient. 

Galloway KF: Nursing Care of the Burned Patient. Flight Nurses 
& Med Technicians, Sch of Aerospace Med, Brooks AFB, Texas, 
23 Sep 1970. 

Silverstein P: Treatment of Burns. AMEDD Off Basic Course, MFSS, 
BAMC, FSHT, 2 Oct 1970. 

The following presentations were made to the International Joint 
Conf on Burn Therapy, Seattle, Wash, 3,4 Oct 1970: 

Moylan JA Jr: Initial Care and Resuscitation; and, Complications of 
Burns. 

Hall WF: Use of Physical Therapy and Hydrotherapy in the Treatment 
of Burn Patients. 

McGee SA: Specialized Nursing Care for the Burn Patient 
Remig RL: Occupational Therapy for the Burn Patient, with Emphasis 

on Sp1 int Making and Specia l Apparatus. 

Curreri PW: Management of Mass Burn Casualties in Industrial 
Accidents. US Civil Defen, e Council, Fort Worth, Texas, 7 Oct 
1970. 

Pruitt BA Jr: Discussion of Two Papers. Amer Assoc for Surgery of 
Trauma Meeting, Chicago, 111, 8-10 Oct 1970. 

The fo11owing presentations were made to the American Assoc for 
the Surgery of Trauma, Chicago, 111, 9 Oct 1970: 

Curreri PW: Intracellular Cation A~terations Following Major 
Trauma: Effect of Supranormal C~loric Intake. 

Moylan JA Jr: Circulatory Effects of Thermal Injury on Extremities 
with and Without Escharotomy. 

The following presentations were made at the American Co11 of 
Surgeons Mtg, Chicao, 111, 12-16 Oct 1970: 
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Pruitt BA Jr: Member, Gen Surg Panel, "Total Management of the 
Burn atient". 

Surgical Dressings and Drapes. Pre- and Postop Care Panel, ACS 
Physiologic Response to Injury; and, Gastrolntestlnal Problems, 

Postgrad Course--Trauma 

Pruitt BA Jr: Hemodynamlcs of the Early Postburn Period; Control 
of Sepsis; and, Treatment of Conmon Complications of Thermal 
Injury. Surg House Staff, Upstate Med Ctr, Syracuse, NY, 16 Oct 
1970. 

Pruitt BA Jr : Use of Sulfamylon in the Treatment of Extensive 
Burns; and, Use of Homografts and Heterografts. Burn Teaching 
Day, St Joseph's Hosp and Regional Med Program, Syracuse, NY, 
17 Oct 1970. 

The following presentations were made at the Pastoral Care 
Symposium, BGH, BAHC, FSHT, 19 Oct 1970: 

Pruitt BA Jr: Introduction to Institute of Surgical Research. 
Galloway KF, Curreri PW, and Hal 1 WF: Panel on, "The Burn 

Team that Works Together. 

Curreri PW: lntracel lular Cation Alterations Following Major 
Trauma: Effectof Supranormal Caloric Intake. San Antonio 
Research Club, San Antonio, Texas, 21 Oct 1970. 

Newsome TV: Treatment of Burns. AHEDD Off Basic Course, MFSS, 
BAMC, FSHT, 22 Oct 1970. 

Pruitt BA Jr: Management of Bu r n Patients with Fractures. Burns 
and Fractures Conf, Orthopaed ic Svc, BGH, BAHC, FSHT, 24 Oct 1970. 

Galloway KF : Nursing Care of the Burned Patient. Nursing In-Svc 
Program, Kelly AFB Dispensary, Kelly AFB,Texas, 28 Oct 1970. 

Pruitt BA Jr: Use of Homograft and Heterograft in the Care of 
Burn Patients; and, Early Hemodynamic Changes in Burn Patients. 
Surg Staff, Ft Jackson Army Hosp, Ft Jackson, SC, 4 Nov 1970. 

Pruitt BA Jr: Panel Member, Panel on Problems in Burn Management. 
Presentations: Use of Homograft an Heterograft in the Treatment 
of Burn Patients: and, Sulfi>mylon Topical Tt-erapy of Burns. 
McGuire Lecture Series, Med Coll of Virginia, Richmond, Va, 
5,6 Nov 1970. 



1 

1-29 

Galloway KF: Nursing Care of the Burned Patient. Missouri State 
Nurses Assoc, St Louts, Mo., 5 Nov 1970. 

Pruitt BA Jr: The Application of Clinical Investigation to the 
Care of the Extensively Burned Patient. Staff, Dept of Surgery, 
Med Univ of South Carolina, Charleston, SC, 7 Nov 1970. 

Pruitt BA Jr: Overview and Current Concepts in Burn Management. 
Panel Discussion on, Current Concepts In Acid and Thermal Burn 
Care. Symp on Burns, Bannock Hem Hosp, Pocatello, Idaho, 
10 Nov 1970. 

Pruitt BA Jr: Recent Advances in the Treatment of Burns. Staff, 
Dept of Surgery, Univ of Utah Coll of Med, Salt Lake City, Utah, 
11 Nov 1970. 

Curreri PW: Energy Requirements Following Thermal Injury. Univ 
of Miami Sch of Med, Grand Rounds, Miami, Florida, 12 Nov 1970. 

Pruitt BA Jr: Current Therapy of Thermal Injury. Southern Med 
Assoc Sect on Industrial Medicine &Surgery, and Physical 
Medicine and Rehabilitation, Dal las, Texas, 16-19 ~ov 1970. 

Pruitt BA Jr: Western Surg Assoc Mtg, Colorado Springs, Col., 
19,20 Nov 1970. 

SIiverstein P: Treatment of Burns. AHEDD Off Basic Course, HFSS, 
BAHC, FSHT, 25 Nov 1970. 

The following presentations were made at the Meeting of the US 
Army Surgeon General's Advisory Committee on the Metabolism 
of Trauma, BAHC, FSHT, 30 Nov-I Dec 1970: 

Pruitt BA Jr: Chairman, Section on, 11Define Clinical Value and 
Limits of Hyperal imentation11

• 

Curreri PW: Longterm Supranormal Caloric Dietary Programs in 
Extensively Burned Patients. 

Moylan JA Jr: Objective Measurement of the Circulation of the 
Extremities with Circumferential Burns. 

Curreri PW: Intracellular Cation Alterations after Major Trauma. 
Silverstein P: Clinical and Laboratory Evaluation of Porcine 

Xenograft as d Physiologic Dressing. 
Asch HJ: Assessment of Regional Blood Flow in Early Postburn 

Patients Using Radioactive Microspheres. 

Gal l oway KF: Nursing Care of the Burned Patient. Clin. Spec. 
Course, BGH, BANC, FSHT, 2 Dec 1970. 
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Gailoway,KF: Intensive Nursing Care. Health Care Admin Course, 
HFSS, BAHC, FSHT, 8 Dec 1970. 

Galloway KF, Asch HJ: Management of the Burned Patient. Intensive 
Care Nursing Course, BGH, BANC, FSHT, 9 Dec 1970. 

Pruitt BA Jr: Viral and Fungal Complications of Burns; and, 
Sulfamylon Topical Therapy. Amer Academy of Dermatology, Symp 
on Burns, Chicago, 111, 9 Dec 1970. 

·: i lverstein P: Treatment of Burns. AHEDD Off Adv Course, HFSS, 
BAMC, FSHT, 14 Dec 1970. 

Gal loway KF: Principles of Intensive Care Nursing. Intensive Care 
Nursing Course, BGH, BAMC, FSHT, 17 Dec 1970. 

Exhibits 

"Pulmonary Comp I ications in Burns", displayed at AMA Mtg, 
Chicago, 111, 21-26 Jun 1970. 

The following exhibits were displayed at the ACS Anl Mtg, Chicago, 
111, 12-16 Oct 1970: 

"Burns in Children". 
"Emergence of Opportunistic Infection in the Burn Wound". 

Motion Pictures 

"Burns and Fractures", shown at ANA An I Mtg, Chicago, 111, 24 Jun 
1970. 

The fol lowing motion pictures were shown at the Thi rd lnternatl 
Congr for Res in Burns, Prague, Czech, 20-25 Sep 1970: 

"Management of Severe Thermal Injury Involving the Calvarium11
• 

"Electrical Trauma". 
"Burns and Fractures". 
"Control of Pseudomonas Burn Wound Seps·is". 

The following motion pictures were shown at the ACS Anl Mtg, 
Chicago, 111, 12-16 Oct 1970: 

11 Suppurative Thrombophlebitis: A Complication of Intravenous 
Therapy". 
"The Management of Burns in Children". 
"Use of Mesh Autograft in Treatment of Burns". 

I 
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23. (U) Clinical and laboratory investigations pertaining to severe physical trauma. 

24. (U) Planned c 1i ni ca I and laboratory studies relating to acute and chronic injury. 
Studies conducted by the Branch have included both purely clinical studies, involving 
patients on the ward, laboratory studies involving animal models, and a combination of 
the two. 

25. (U) 70 07 - 71 06 Studies on the pulmonary function of burned patients have con-
tinued. Extensive measurements with regard to ventilation, lung volumes, diffusion, 
compliance, and shunting have been carried out. During the year 1970, responsibility for 
supervision of these studies was transferred to the Pulmonary Section, and wi 11 be re-
ported on in detail by that section. The Branch has continued extensive I aboratory in-
vestigations on the effects of th rll'I~ 1 and mechanical injuries, and will present a 
detai 1 ed description of the depression of the inmune response fo 11 owing thermal and 
mechanical injury. Studies have conmenced extending some of these pri nci p I es to investi-
gation of patients. A prospective study into calcification about the elbow joint fol low-
i ng burns has now been completed, having surveyed a total of 100 patients. Members of the 
Branch have continued active participation in patient care and air evacuation,both from 
Japan and CONUS. In addition, continued surgical support is being rendered to the Renal 
Branch in the form of insertion of arteriovenous shunts and fistulae for the maintenance 
of chronic hemodialysis. 
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The Trauma Study Bra1,ch has continued to render clinical 
care to burn patients admitted to this unit and its members take 
part in air evacuation, both from Japan and CONUS to the Insti tuce 
of Surgical Research. In addition, clinical and laboratory in­
vestigation on problems connected with burns and trauma and 
teaching activities have been carried out. Surgical support is 
rendered by the Branch to the Renal Unit for the maintenance of 
patients on chronic hemodialysis and other related surgical pro­
blems. Investigations have centered on pulmonary function follow­
ing burns, immunological changes following thermal and mechanical 
injury, heterotopic calcification in the area of the elbow joint, 
the evaluation of immunological changes following the applica­
tion of split-thickness porcine xenograft to burned patients,and 
studies of graft versus host reaction in animal models. In addi­
tion, retrospect i ve clinical reviews on cardiac infections in 
burns and acute acalculous cholecystitis in burned patients have 
also been carried out. Members of the unit continue to engage 
in teaching activities connected with Brooke General Hospital, 
the Medical Field Service School, in-service training of nursing 
staff, as well as local, national and international presentations 
of work carried out at this unit. 

Trauma 
Immunity 
Pulmonary function 
Joints 
Hemodialysis 
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CLINICAL OPERATION, TRAll'\A STUDY BRANCH 

Member s o f the Trauma Study Branch continue to participate 
in ae ri a l evac uation of burned patients from CONUS and Japan and 
to take pa r t i n the ir uosequent c linical care. Surgical support 
to t he Renal Unit has been rendered in the f rm of insertion and 
mai nt ena nce of Scribner-type arteriovenous shunts for the main­
te na nce of chroni c hemodialysi s , and, on one occasion, the crea­
tion of a s ubc utaneous arteriovenou fistula for the same purpose. 
Dur i ng t hi s yea r, one patient under the care of the Renal Unit 
underwent hi s 500th hemodialysis, us ·ing Scribner shunts maintained 
by this branch. This patient was subsequently transferred out of 
the uni t for renal transplantation. Supervision and treatment of 
surgical complications of shunts for hemodialysis have included 
control of infec tion, bleeding problems, and other technical 
pro blems whi ch sometimes accompany hemodialysis. 

The pulmonary function study, which has made extensive 
progress during the past year, with measurements of postburn 
lung volumes , art e riovenous shunting, lung compliance and diffu­
sion , has contribut~d some important f ind ings. Personnel involved 
wi th this s tudy , initiated in this branch, are now responsible 
to a s epa rate section, the Pulmonary Section, created during the 
year 1970 , and report of this study will oe given separately. A 
prospec tive study of heterotopic calcification about the elbow 
joint has now been completed in 100 patients, including 180 
limbs. It was found, as suspected, that the extent of deep burn 
of the arm and the extent of subsequent immobilization of ad­
j oining joints, such as the wrist and shoulder, contributed in a 
statistically significant manner in the development of hetero­
topic calcification around the elbow. It was found, contrary to 
\'Klat had been expected, that the extent of total body burn, the 
positioning of th13 patient in a circolectric bed, supine or prone, 
and the patient's motivation, as evaluated by psychological 
testing, did not make any material difference to whether calci­
fi cation developed or not. A number of these patients underwent 
surgery for the correction of heterotopic calcification about 
the elbow j oint, and the results of this study will be given 
el s ewhe re. 

Th e Trauma Study Branch participated with the Clinical 
Divis ion in the evaluation of split-thickness porcine xenograft 
f or us e as a biological dressing in burned patients. The role 
of the branch has been principally in the prosecution of an 
i rrrnunological evaluation. It was found that split-thickness 
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porcine xenograft did not induce sensitivity in either hlMllan or 
animal recipients, and therefore appears to be safe for clinical 
use. In an extensive series of laboratory investigations, to be 
de tailed tater, it was found that lymphocyte function, a measure 
of central immunity, is severely depressed following thermal in­
jury for a few days but recovers in the absence of complications , 
such as sepsis, within 10 days of injury. This holds true 
whether injury is thermal or mechanical, although the depression 
engendered by thermal injury is somewhat more extensive than that 
caused by mechanical injury. The principles underlying this inves­
tigation have now been. extended to hlMllans who have commenced to 
undergo a series of skin tests for the measure of delayed hyper­
sensitivity and a te~t of their peripheral lymphocytes for the 
presence of depre:;sed immuno 1 og i ca 1 capa bi 1 i ty. 

Publications 

Munster ~, Hoagland HC, Pruitt BA Jr: The effect of therr,,at 
injury on serum immunogtobutins. Ann Surg 172: 965, 1970 . 

Munster~: Alterations of the host defense mechanism in burns. 
Surg Ctin N Piner SO: 1217, 1970. 

Munster~, DiVincenti FC, Pruitt BA Jr: Cardiac infections in 
burns. Piner J Surg (In press) 

Johns LA: Combat nursing: Acute renal failure. ANA Ctin Conf 
(Appleton,Century Crofts)(In press). 

Presentations 

Munster~: Electrical burns. Sydney Hospita l , Sydney, Australia, 
27 January 1970 

Munster AM: Postgraduate surgical training in thu USA. Sydney 
Hospital, Sydney, Australia, 31 January 1970. 

Munster~: Treatment of burns. Un i v of Sydney students, Royal 
Prince Alfred Hospital, Sydney, Australia, 9 February 1970. 

Munster AM: Treatment of burns. Royal Northshore Hospital, 
Sydney,Australia, 9 February 197c . 

Munster AM: Treatment of burns. Sydney Hospital, Sydney, Australia , 
10 February 1970. 

Munster AM: Recent advances in research in burns. Dept Surgery, 
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Univ of Sydney, Sydney, Australia, 16 February 1970. 

Munster A'-\: Treatment of burns. Concord Repatriation Hospital, 
Sydney, Australia, 17 February 1970. 

Munster A'-\: Cardiac infection in burns. Amer Burn Assn, Boston, 
Mass . 10 April 1970. 

Johns LA: Study of a nursing procedure for urinary catheter 
care. Amer Burn Assn, BostJn, Mass. 10 April 1970. 

Munster AM: The effect of therma 1 injury on ce 11 ul ar illlTluni ty. 
Amer Burn Assn, Boston, Mass. 11 Apri 1 1970. 

Munster~= The burn patient. Army Chaplain Trng. Program. BGH, 
B~C, FSHTex, 21 Apri 1 1970. 

Johns LA: Nursing service and the chaplain. Army Chaplain Trng. 
Program, BGH, BA'-\C, FSHTex, 21 April 1970. 

Johns LA: Combat nursing: Acute renal failure. Amer Nurses Assn. 
Miami Beach, Florida, 6 May 1970. 

Johns LA: Ethics in nursing research. Incarnate Word Col 1. School 
of Nursing, San Antonio, Texas, 11 and 13 May 1970. 

Munster~= Recent advances in surgical illlTlunology. Dept. Surg. 
Univ of Wisconsin Med School, Madison, Wisconsin, 26 June 1970. 

Johns LA: Nursing care of the burned patient. Flight Nurses, 
School of Aerospace Med, Brooks AFB, Texas,30 June 1970. 

Munster A'-\: Emergency treatment of burned patients. Emergency 
Care Trng School, Texas Dept of Health and Bexar County Med 
Soc, San Antonio, Texas,15 July 1970. 

Munster AM: Burns. VA Hospital, Charleston, South Carolina, 
17 Ju 1 V 1970 • 

Munster~= Surgical illlTlunology. Med Univ of South Carolina, 
Surgical staff, Charleston, South Carolina, 18 July 1970.] 

Munster A'-\: Burns. ~EDD ANC Career Course, MFSS, B~C, FSHTex, 
21 August 1970. 

Johns LA: Management and nursing care of individuals with burns. 
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Mississippi Nurses Assn, Jackson, Miss., 6 October 1970. 

Munster Nit: Procedures used in the treatment of burn patients. 
Clinical Pastoral Education Program for Chaplains, BGH, BAHC, 
FSHTex, 19 October 1970. 

Johns LA: Nursing and the burn patient. Clinical Pastoral ~duca­
tion Program for Chaplains, BGH, BNitC, FSHTex, 19 October 1970. 

Munster Nit: Inmunology of burns. Louisiana State Univ staff, New 
Orleans, La, 22 October 1970. 

Johns LA: Nursing care of the burned patient. Flight Nurses and 
Medical Technicians, School of Aerospace Med, Brooks AFB, Tex, 
6 November 1970. 

Johns I.A: Nursing care of the burned patient. Nursing In-service 
Program, Santa Rosa Hospital, San Antonio, Texas, 19 November 
1970 . 

Munster Nit: Host defense mechanisms following thermal injury.US 
Army Surgeon General's Advisory Conmittee on Metabolism of 
Trauma, BAHC, FSHTex, 1 December 1970. 
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Contact cul t ur es of burned patients at the ti me of arrival 
on the Institute o f Sur gi ca l Research wards showed t hat coloni­
zation is s o pr ompt that steri le burn surfaces are non-existent. 
Pse udomonas aer ugino sa wa s present on 37% of burn s wi t hin five 
da ys of woundin g, and this r at e was seen al so with Klebsiella­
Ente robacte r ~- Staph. aureu s r ose to its peak concentrations 
afte r s ix day s, whe r eas the othe r pathogenic opportunist of 
majo r i mport, Pr ovi denci st uar tii, did not approa ch its highest 
i nc idence ( ove r 4o¾) un i I afte r 1 I day s postburn. The two species 
t hat cons pic uous ly in re ased i n s epsis in 1969 and 1970, Prov. 
s tuartii and Sta ph ureus, i nc r eased in incid nee on patients at 
time of admi ssion; this epidem io logic fa ct has be~ring on the 
pathogene s is of burn wound infecti ons in this Institute. The 
a lte r d ba c teriologi c picture in the past two years is exogenous, 
not endogenou s . 

Burn s 
Mi r obi I og y of burn s 
Pseudomona s 
Provi d nc i a 

f 
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BACTERIAL FLORA ON BURN PATIENTS AT TIME OF ADMISSION TO TH E 
INSTITUTE OF SURGICAL RESE ARCH 

The Institut e of Sur gical Research admits burned patienls 
from all par ts of the United States and from ove rsea s areas; in 
1970, this inc luded primarily patient from Vietnam. The flora 
of the burn at the time of arrival presents information on the 
input of new species and strains into tne burn ward population, 
and also offers a picture of the temporal sequence with which 
burns are seeded in the population at large, without influence by 
the specific milieu of the Institute burn ward. This report sum­
marizes the microbiologic picture as seen on arrival cultures 
on 174 patients examined within two hour~ of admission. 

Methods 

Contact plates have been described previously. As in earlier 
studies, each patient was cultured on an available burn site 
irrmediately after being cleansed in the Hubbard tank. The more 
severely burned areas were selected; healing second degree burns 
were avoided. The intervals in whi ch the bacterial population 
were recorded were described in a previous progress report.Zero 
to two days constitutes a period when the burn may be almost 
sterile, although heavy contamination may occur if circumstances 
permitted early heavy seeding, and even burn wound sepsis ha s ,in 
infants, been seen at 36 hours postburn. Three to five days i s a 
period when rapid colonization and build-up of populations occ ur, 
although tissue invasion is rare. If patients are treated co rrec tly 
with sulfamylon burn cream, this period may still be characterized 
by low co ony counts. Days 6 to 10 often see subcschar coloniza­
tion and an opportunity for more diverse flora to enter the burn. 
Between day 11 and day 20, eschar separation usually begins,while 
after day 20, the diverse courses of healing, dressing and manipu­
lation of the wound result in a heterogeneous environment that 
presents varying flora. 

Determinative procedures were carried out in greater detail 
than has previously been done. Thus, the coagulase-negative 
Staphylococci were differentiated into~• epidermidis, and Mi c ro­
coccus !£• Candida albicans was differentiated from other Candida 
species. Herellea vaginicola and Mirna polymorpha were distinguished, 
as were Enterobacter cloaca~_. S,• aerogenes,and Klebsiel la pneu­
moniae. 
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Result s 

The in c irlenc e of all strains and species recovered from 174 
patients on admis si on is shown in Figure 1. S. aureus, Pseudo­
monas aeruginosa, Klebsiel la pneumoniae, S• coli, ~.mirabilis 
and Prov. stuartii were the principal species recovered. With 
the excep t ion of E.coli and Pr. mirabilis, these species encom­
pass those involved in the sepsisproblems prominent in this burn 
population. 

The chronologic sequence of colonization of these burns, 
prior to their accession to the burn ward, is graphically shown 
in Fi gure 2. Staph aureus was present on 21 % of the patients in 
the 0-2 day group, and its incidence increased promptly until over 
half the patients harbored this organism. Staph epidermi~is was 
extremely cot11'Tlon in the earliest sta ge of the burn, but fell 
thereafter to a low level of 8"/4 in the 11 to 20 day period. 
Thereafter it rose in frequency in the post-21-day group. 

The mo st important wound contaminant is~- aeruginosa. It 
wa s present in only 7% of the patients in the 0-2 day period, but 
ro se rapidly in frequency to 55% of incoming patients by day 3-5. 
There was an inexplicable drop in recovery of this organism in 
the 6-10 day period, but its incidence returned to 55% in the 
next interval and to 70% at 2 1+ days. This extremely high coloni­
zation rate wa s not typical of previous xperience with this 
or ga ni sm. 

In earlier observations the Klebsiella-Enterobacter group 
wa s not furth e r defined. The differentiation of Enterobacter ~ 
from Klebsiella was ca rried out in this series. It was apparent 
that Enterobacter cloacae was the most contnon form; it was pre­
sent in 25°/4 of the 0-2 day admissions, and rose rapidly to over 
half the patient s in the 3-5 day group. After this point, it 
frequency fell steadily, to only 7% in the 21+ day group. E. 
erogenes was never conrnon. Klebsiella ~ (almost entirely-~ 

pneumoniae) para 11 led the incidence of S• cloacae in it s prompt 
ri se at 3-5 day s . However, this species remained present in 
a lmo s t ha lf of the p tients up to the 21+ day gr oup. 

Es heri chia coli, a contnon fe cal form, was present in 17"/4 
f th ddmi ss i ons°"at0-2 days, and increased to about one-third 

of th admi ssi ns thenceforth. 

Pr oteus mi rabili s , the ind o l-ne dtive species, was the only 
member o f th i genu s re overed i r. bl ns . It was absent unti 1 the 
6 -10 d y peri od; from this time onward , it was present in approxi-

I 
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mately one-fourth of the admissions. This organism was less fre­
quently encountered than in previous year s . Simultaneously, its 
role in sepsis in burned patients dimini shed s harply. 

Providencia stuartii, which has become a major problem in 
sepsis in burns in the past two years, was present in 7% of the 
0-2 day admissions, and in 9% of the 3-5 day patients. Its num­
bers rose rapidly to 26.9"/o in the 6-10 day gro up, and almost 50% 
of admissions at 21 days or more were positive. The epidemiologic 
implications of this finding are significant. Its appearance on 
patients arriving here indicates that Prov. stuartii is not 
unique to this Institute. It must be cormion in other areas as 
well, as evinced by its rate of colonization of burn wounds at 
the time of admission. 

A final species, Serratia marcessens, is noteworthy as one 
which has often been scrutinized as a potential burn pathogen of 
consequence. It is relatively uncommon up to five days; older 
burns exhibit it in as much as 20% of patients, but beyond 21 days 
it once more falls to a low number. This opportunistic invader 
has caused burn wound sepsis in former years, but its role in 
this series was that of a fortuitous contaminant. 

Changes in Incidence ~f Burn Flora on Admission. The burn 
wound flora at admission is of primary interest for its i mplica­
tions in controlling seeding of the burn and the subsequent oppor­
tunity for invasive infection. There is a persistent impression 
in the field of burn treatment that if one could only avoid con­
tamining the burned patient, he could be kept pathogen-free during 
his course. The presence of a wide spectrum of bacteria on patien t s 
at admission negates this concept. Since the cultures are taken 
on a single contact plate, the recovery is undoubtedly less t han 
a full representation of the quantity of bacteria present on even 
the early burn. 

A comparison of the incidence of Pseudomonas aeruginosa , 
Klebsiella pneumoniae, and the Enterobacter group over the pas t 

four years is presented in Table 1. The pattern is one of rela­
tively few patients being seeded within the first two days, bu t 
this changes abruptly, most often on day three. On arrival, an 
average of 12% of patients are seeded with Pseudanonas on t he 
first two days. This value rises to 50% on the t hird t o fifth 
postburn day, and after three weeks, is often at the 70% l e ve l. 
We have no explanation for the anomalous value of 3.8% r ecorded 
in 1971 for days 6 to 10. 
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Klebsiella ~ are, in all probablity, Kl ebsiella pneumoniae. 
The average incidence of seeding during the first two days is 22%. 
This figure rises by days 3-5 to Lr5% to 55%, and remains at that 
level until the fourth week, when it may fall slightly. Enteri c 
flora is ubiquitous, and sour ce of seeding need not be sought 
beyond the patient himsel f . 

Ent~robacter ~ consist primarily off• cloacae (see Fig. I). 
The initial seeding rate is very consistent at an aver ge level 
of 35% of admissions. This figure rises by day 3-5, but the 
pattern fluctuates from year to year; in general, the incid~nce 
up to day 10 is little changed from day 0-2; then, there is a 
distinct drop. From day 11-20 about 25% of admissions were posi­
tive, and an irregular fall-off follows in the post-21-day period. 

Proteus mirabilis is virtually the only species of this genus 
in burns in the Institute of Surgical Research as well as on in­
coming burn patients at the time of admission us shown in Table 
2. The un ·ique predominance of the indol-negative mirabilis, as 
opposed to the other three indol-positive spec i es, has as yet no 
explanation; certainly there is ample opportunity for seeding 
with the indol-positive strains. Proteus mirarilis has diminished 
in frequency in the past two years; it was always uncorrrnon in the 
fresh burn, and reached a maximum incidence at two to three weeks 
on 50% of the incoming patients. In 1971 it never increased beyond 
a seeding rate of 29%. The ebb and flow of bacterial populations 
has as yet no clearcut explanation, but its occurrence emphasizes 
the existence of a large number of imponderables as far as oppor­
tunistic colonization of burns is concerned. 

Providencia stuartii has achieved the status of a major 
pathogen in sepsis associated with severe burns. Among patients 
with positive blood cultures in 1971, 38°/4 had Providencia stuartii 
at some time. It was considered possible that th1s unusual patho­
gen was unique to this institute,but the culturing of the incoming 
patients negates this speculation. As Table 2 shows, the organism 
was . rare in 1967 and,in the early stage of burn, in 1968; but of 
older burns (11-20 days), one-third harbored it on entry. It is 
still relatively uncorrrnon up to five days postburn, but it does 
occur on up to 9% of admissions. In 1969, it was present in 40% 
of burns at 6-10 days, and its numbers have remained elevated 
since that time. If any control procedures can be devised, they 
will have to cope with an admission incidence of 30% to 50% in 
70% of our total admissions. 
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Serratia marcessens, some of which have shown ability to in­
vade burn wound, has shown no tendency to increase in incidence. 
It remains an interesting curiosity for the greater part, and i s, 
if anything, decreasing in incidence in arriving patients. As an 
infecting organism, it remains, as does any other enteric form, 
a formidable pathogenic agent when it actually becomes invasive. 
This is, fortunately, an infrequent occurrence. 

Tabl e 3 presents the pattern of colonization with Staph.aureus 
in the Institute over the past four years. There has been, in 1969 
and 1970, a marked rise in the frequency with which arriving 
patients are colonized with ~4a9h. aureus. A high percentage of 
these have been type 84, or , 5 - the phage type which has 
dominated staphylococcal populations in the Institute in 1970. One 
out of every five newly arrived patients harbored Staphylococci 
aL 0-2 days in 1970. The rates rose rapidly to one-half of the 
admissions. Here, as in the preceding species, seeding with Staph. 
aureus has increased markedly in 1969 and 1970 over the two pre­
ceding years. This is not the case with Staph. epidermidis, which 
is shown on the same table, illustrating a seeding incidence which 
has fluctuated from year to year; the population is probably not 
a homogeneous one. 

Discussion 

A rational basis for detecting typical seeding patterns in 
burns of various ages is the sampling of incoming patients with 
burns of varying duration. Chronologic changes in this pattern 
have been scrutinized in terms of changes that may correlate with 
an increase in mortality rate in the Institute of Surgical Research 
population in 1969 and 1970. The admission flora does not reflect 
changes in this unit; it does reflect changes in the flora on a 
diverse and scattered population, prior to its arrival here. The 
opportunistic flora and trends in its occurrence are as follows: 

Ps. aeruginosa. There has been little change in the past 
four years. The incidence on wounds remains high. 

Klebsiella pneumoniae. There has been little change, if any 
has occurred; the organism is today less comnon after 10 days 
postburn than it was three years ago. 

Enterobacter cloacae. No consistent change in incidence 
has occurred. 

ProteU! mirabilis. A decrease in incidence in 1970 was very 
evident. 

. ' 
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Providencia stuartii. An increased incidence in the last 
two years, and a marked rise in 1970 have occurred. 

Serratia marcessens. There has been no change in incidence 
of th1s organism. 

Staph. aureus. A rise in incidence has occurred since 1969; 
it was more marked in 1970. 

S!aph. epidermidis. No consistent change in inc idence has 
occur 

The implication that altered host susceptibility to Provi­
dencia stuartii and Staph aureus has occurred in the burn popu­
lation outside this Institute 1s recognized. It is entirely possible 
that the altered pathogenesis of burns is associated with this 
change. The observation should be continued. 
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Antibiotics play a major role in the control of wound infec­
tion today, and the sensitivity of pathogens or potential patho­
gens encountered in sepsis associated with burns is of inmediate 
value to physicians treating traumatic injuries, especially in 
combat casualties. Detailed assays can also forecast areas where 
bacterial resistance may be occurring, warn of potential future 
treatment failures and guide physicians in emergency therapy. A 
total of 1447 strains of Pseudomonas, Klebsiella-Enterobacter, 
Proteus spp, Providence spp, Escherichia coll• Staphylococcus 
aureus and Sta~hflococcus epidermidis, from 57 burn patients 
during 1969 an 970 were tested by tube dilution technic. A 
picture of relatively high antibiotic resistance, and an increasing 
incidence of cross-resistance in this flora emerged. Sixty-three 
per cent of Pseudomonas aeruginosa strains were sensitive to 
Colymycin, and 70% to gentamycin. Seventy per cent of Klebsiella­
Enterobacter group isolates were sensitive to gentamycin, and 
38o5% to Colymycin. Provid~ncia stuartii, now a major pathogen in 
burn patients, was essentially resistant to antibiotics. Stalh. 
aureus showed a high level of methicillin resistance. Lincoc n, 
gentamycin and Unipen were effective in 36 to 38°/4 of Staph.aureus 
strains. The lev<el of resistance has moved markedly higher during 
the past year. 

Burn wound flora 
Pseudomonas 

Antibiotic sensitivity 
Providencia 

' 
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SENSITIVITY OF BURN WOUND FLORA TO ANTIBIOTICS, 1969-1970 

The major cause of morbidity and death in patients with 
severe burns has always been bacterial infection, and although 
striking progress has been made in controlling invasive burn 
wound infection , septic complications frequently with systemic 
involvement remains the most conmon cause of death in burn patients. 

Topical therapy has controlled Pseudomonas burn wound sepsis 
(1), but sepsis from pulmonary and other infections which may evolve 
desr,:,ite topical chemotherapy, demand effective antibiotics as the 
principal therapeutic approach. Gram-negative bacilli have played 
an increasingly important role in nosocomial, or hospital-engen­
dered infections, not only in this Institute but in hospitals 
throughout the world (2). 

Genera of the Enterobacteriaceae have been a conspicuous pro­
blem in opportunistic burn infections, since they display a high 
degree of antibiotic resistance. The resistance transfer factor 
(RTF) as reviewed by Anderson ( 3.' offers an exp 1 anati on for the 
ease with which these organisms a.·.quire resistance to antibiotics. 
There is no present prospect of resolving this growing impasse, 
and its existence underscores the need for detailed information 
on antibiotic sensitivity. 

Topical therapy with sulfamylon burn cream resulted in a 
marked reduction in Pseudomonas burn wound sepsis (4), but since 
the occurrence of bacterial sepsis due to Pseudomonas, Staphylo­
cocci and Enterobacteriaceae from sources other than the burn 
wound has persisted, sepsis, whether originating in the wound or 
elsewhere, calls for prompt and energetic systemic antibiotic 
therapy; and it is often essential that therapy be ~tarted prior 
to determining the specific antibiotic sensitivity of the offend­
ing organism(s). Compilation of sensitivity of the b~cterial 
species from this population offers a guide for the selection of 
antibitiotics. This report sumnarizes the sensitivity of major 
bacterial genera and species observed in burn patients in 1969 
and 1970. 

Materials and Methods 

Strains tested were primarily from blood cultures and other 
clinical specimens in which sensitivity test was requested by 
the attending physician. The antibiotic battery used included 
those antibiotics which would offer the greatest likelihood of 
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i ncluding an effective agent. This list is reviewed at least twice 
yearly , and new antibiotics may be added when desired. The anti­
biotic screen for gram-negative organisms was as follows: 

Antibiotics Used on Gram-Negative Organisms 

Tetracyc 1 i ne 
Chloramphenicol 
Kanamyci n 
Keflin 
Colymycin 
Gentamycin 

{Chloromycetin) 
(Kantrex) 
( Cepha lothi n) 
(Colis t imethate sulfate) 
( Gar amyc i n) 

Polymyxin B, which had been routinely used for several years 
of testing, was dropped early in 1969, and gentamycin was sub­
stituted. Carbenicil lin has been used since 1969, but only for 
Pseudomonas aeruginosa. In contrast to some reports (5), we have 
not found isolates of Proteus spp or other Enterobacteriaceae sus­
ceptible to carbenicillin. Similarly, Proteus mirabi lis has been 
described as susceptible to Penicillin G, but we have found this 
organism to be only rarely penicillin-sensitive. 

Gram-positive organisms have been tested with the following 
antibiotics: 

Antibiotics Used on Gram-Positive Organisms 

Kanamyci n 
Li ncoc in 
Pros taph 1 in 
Staphcillin 
Tetracyc 1 i ne 
Gentamycin 
Unipen 

(Kantrex) 
(Li ncomyc in) 
(Oxaci 1 li n) 
(Methi ci 1 li n) 

( Garamyci n) 
(Nafcillin) 

Gentamycin was included in this battery during 1969. 

The assay technic used in this laboratory is a standard MIC 
(minimum inhibiting concentration) procedure (1). Test solutions 
and dilutions of antibiotic are prepared from assay quality anti­
biotic obtained from the manufacturer. Stock solutions in sterile 
distilled water were made in decrements from 50 units or µg/ml 
down to 1.5 µg/ml. Five-ten hs ml portions of each dilution were 
placed in sterile, capped, 10 rm, tubes and stored at -20° C. These 
solutions were replaced at frequent intervals. Inoculum was grown 
from an isolated colony in Trypticase Soy Broth for 4 - 6 hours at 

f 
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37° C {~ater bath). The concentration has been found to approxi­
mate 106 to 108 organisms_ per mt. The culture is di luted 1 :100 in 
double-strength Trypticase Soy Broth. Five-tenths mt of this di­
lution is added to each 0.5 mt of dilution of thawed antibiotic. 
Final concentrations of antibiotic thus range from 25 µg/mt to 
0.78 µg/mt. Tubes are incubated at 37° C for 20 hours, then read 
for MIC. The last tube showing visible growth when viewed beside 
a control blank by oblique light, constitutes the endpoint of 
growth; the next highest concentration is the MIC. 

The numbers of strains te$ted and the sources are surrmarized 
in Table 1. It must be emphasized that the tests were ,·un on strains 
as requested by physicians; this is not a random sample of isolates. 
Thus, the strains recovered at autopsy are not represented. All 
blood stream isolates were routinely tested, but urine and sputun 
samples were tested only on request. As noted, a drop in Klebsiella­
Enterobacter septicemia occurred in 1970, as did a similar fat 1 
in Proteus septicemia and in Proteus spp from sputllll. The remaining 
species showed no marked change in incidence for those two years. 
Obviously, blood and sputum {including Lukens tube aspirates} 
constituted the major part of sources of culture; these patients 
were in greatest need of antibiotic therapy. 

Results 

The percentage of strains sensitive to ascending levels of 
antibiotic are shown as a cumulative figure.·Each level inhibited 
all strains inhibited at lower levels. For gram-negative bacilli, 
an inhibiting level of 12.5 ~g/ml was regarded as the upper limit 
which merited the appellation "sensitive". The sensitivity of 129 
strains of P. aerugi nosa to the "gram-negative battery" of anti -
biotics is shown in Table 2. It was evident that only Colymycin 
and genatmycin offered any reasonable rate of effectiveness against 
this most important burn pathogen. There were no significant changes 
in the percentage of strains sensitive in 1969 from that seen in 
1970. Indeed, the proportion of strains inhibited by Colymycin and 
by gentamycin were remarkably consistent during this entire period. 
There has been a consistent tendency for gentamycin to inhibit a 
higher proportion of isolates at extremely low levels, but in the 
range of 3.1 units to 6.25 units/ml, the MIC median is comparable 
for these two antibiotics. 

The Klebsiella-Enterobacter group were pooled f ~r this com­
parison. The sensitivities are- sumnarized in Table 3. The distri­
bution of sensitivity was notably uniform with alt antibiotics 
except gentamycin. Tetracycline showed a wider range than did 
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Table 1 • Organisms from Burn Patients Tested for Antibiotic 
Sensitivity, 1969 & 1970, Institute of Surgical 
Research 

No. of No. Source 
Species Patients Strains ~tood Sputum Urine Other 

P.aeruginosa 73 123 52 49 8 24 

Klebsielta- 76 116 35 59 9 13 Enterobac ter,': 

Proteus sp· .. ';;': 40 58 17 22 12 7 {mirabilis) 

Providencia 82 144 64 51 16 1 3 
{ stuarti i) 

E. co 1 i 40 45 16 19 4 6 

Staph.aureus 113 187 133 32 3 20 

Staph .epi der-
33 45 30 8 2 5 midis 

--------------------- ----~----------------------------------------
Totals 457 718 347 240 54 88 

-.·: A marked drop in blood stream isolates submitt ic-ci for test 
occurred between 1969 and 1970. 

1969: 31 Ktebsietta strains from blood cultures 
1970: 4 Ktebsiella strains from blood cultures 

,':.': A marked fall in Proteus isolates occurred in 1970. 1969, 49 
isolates; 1970, 9 isolates tested. Positive blood cultures: 15 in 
1969, 2 in 1970. Positive sputum cultures, 20 in 1969, 2 in 1970. 

I 
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able 2. Pseudomonas aeruginosa: Cumulative Inhibitory Levels 
for Strains Isolated in the Institute of Surgical 
Research, 1969-1970 

MIC µg/ml Antibiotic and Per Cent of Strains Inhibited 
T C K Kf Co G 

> 25 100 100 100 100 100 100 

25 33 11 • 7 16.2 5.0 71 .8 84.5 

12.5 14.9 3. 1 6.9 2.5 62 .4 74.5 

6.25 7.8 1 .5 0 0 49.2 55.4 

3.1 5.5. 1 • 5 0 0 26.5 48. 1 

1. 5 0.7 0.7 0 0 7.0 22.7 

0.78 0 0 0 0 1.5 4.5 

< 0.78 0 0 0 0 0 1.8 

No.tested 127 128 129 120 128 110 

---
T - Tetracycline 
C - Chloramphenical 
K - Kanamyci n 
Kf- Keflin 
Co- Colymycin 
G - Gentamyci n 
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Table 3. Klebsiella-Enterobacter Group: Cimulative Inhibitory 
Levels for Strains Isolated in the Institute of Surgical 
Research, 1969-1970 

MIC µg/ml Anti biotic 
T 

> 25 100 

25 38.8 

12. 5 30 .9 

6.25 18.5 

3. 1 12. 3 

1.5 6. 1 

0.78 2.6 

< 0.78 1 • 7 

No. tested 113 

T - Tetracycline 
C - Chloramphenicol 
K - Kanamyci n 
Kf - Kef 1i n 
Co - Co 1 ymyc in 
G - Gentamycin 

C 

100 

30.6 

22.7 

14.8 

6.9 

0.9 

0 

0 

101 

and Per Cent of Strains Inhibited 
K Kf Co G 

100 100 100 100 

39.8 45.0 50.4 86.8 

27 .4 28.4 38.5 69.6 

10.6 14.7 21.1 49.4 

4.4 6.8 5.5 22.7 

0 0 1 .8 1 0. 1 

0 0 0.9 1 .o 

0 0 0 0 

11 3 102 109 99 

I 



4-7 

chloramphenicol, Kantrex or Keflin. The latter three antibiotics 
were almost identical in their range of effectiveness; a maximum 
level of 25% of isolates were within the range that could be des­
ignated as effective. Colymycin affected an encouraging 38°/o of 
the strains tested, but the most effective in vitro performance 
was displayed by gentamycin, with almost 70%of the strains in­
hibited by 12.5 µg/ml or less. When the years 1969 and 1970 were 
compared, there was little significant difference; if anything, 
the population was slightly more sensitive in 1970 than in 1969. 

Proteus strains were primarily Proteus mirabilis during the 
two-years of observation. A peculiar scarcity of indol-positive 
Proteus spp characterizes this patient population; this phenomenon 
has as yet no explanation. The sensitivity of Proteus mirabilis 
isolates is shown in Table 4. It will be recalled that 1970 saw a 
marked drop in the number of Proteus mirabi lis strains collected 
from burn wounds. Forty-nine strains were tested in 1969, and only 
nine in 1970. Obviously there were far fewer life-threatening epi­
sodes due to Proteus mirabi lis in 1970 than in 1969. Only Keflin 
and gentamycin inhibited a significant proportion of strains. 
Colymycin was completely ineffective against Proteus mirabilis 
strains. 

There was a slight increase in the number of Providencia 
stuartii strains tested in 1970 over 1969. The increase was pri­
marily in the n1.111ber of sputum and Lukens tube isolates. Sensi­
tivity results for this increasingly important group of organisms 
are sumnarized in Table 5. 

In view of its increasing incidence in pneumonia, burn wounds 
and septicemia, it is dismaying to see reaffirmed the extremely 
refractory state of this large collection of Providencia strains 
with reference to this broad spectrum of antibiotics. There was ~o 
significant change in sensitivity in the collection of 1969 and 
that of 1970; the values were, at times, identical. Multiple re­
sistance is obviously so fixed in this species that it is the rule 
rather than the exception. Gentamycin, with a cumulative effective 
level of 23.4% of strains at an MIC of 12.5 µg/ml was the most 
effective antibiotic; tetracycline was so close that this antibio­
tic would also merit consideration. But, the best results were 
still far from encouraging. Combinations of antibiotics were tried 
repeatedly with strains from severely ill patients, but none of 
these has shown an augmenting effect. At present there is no 
antibiotic regimen that holds promise in the case of Providencia 
sepsis. 



4-8 

Table 4. Proteus mirabilis: Cumulative Inhibitory Levels for 
Strains Isolated in the Institute of Surgical Research, 
1969-1970 

MIC µg/ml 
Antibiotic and Per 
T 

> 25 100 

25 10. 1 ,. 
12. 5 1 0. 1 

6.25 5.0 

3. 1 1 • 6 

1.5 0 

0.78 0 

< 0 78 0 

No. tested 59 

T - Tetracycl i ne 
C - Chloramphenicol 
K - Kanamycin 
Kf - Keflin 
Co - Colymycin 
G - Gentamycin 

C K 

100 100 

22.0 15.7 

10.9 7.0 

0 3.5 

1 • 8 0 

0 0 

0 0 

0 0 

55 57 

Cent of Strains Inhibited 
Kf Co G 

100 100 100 

67.4 0 75 

39.5 0 50 

20.9 0 14.5 

0 0 0 

0 0 4. 1 

0 0 0 

0 0 0 

43 56 48 

I 
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Table 5. Providencia stuartii: Cumulative Inhibitory Levels for 
Strains Isolated in · the Institute of Surgical Research, 
1969-1970 

MIC µg/ml 
Antibiotic 

T 

> 25 100 

25 21 • 1 

12.5 17 .4 

6.25 11.9 

3.12 7.7 

1.5 6.3 

0.78 1 .4 

< 0.78 0.7 

No. tes ted 142 

T - Tetracycline 
C - Chloramphenicol 
K - Kanamycin 
Kf - Keflin 
Co - Colymycin 
G - Gentamycin 

C 

100 

17.2 

8.2 

4.5 

2.2 

0 

0 

0 

133 

and Per Cent of Strains Inhibited 
K Kf Co G 

100 100 100 100 

16.4 6.7 17.2 49.2 

7.8 3.7 15.7 23.4 

4.2 1.4 10.5 12. 1 

2. 1 0.7 4.5 5.3 

1.4 0 0 2.2 

0.7 0 0 1.5 

0 0 0 0 

140 133 137 132 
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Escherichia coli has remained an organism of minor but con­
sistent interest in infections in the burned patients. For 1969 
and 1970, the nl.MTlber of specimer ... was consistent: 22 per year. 
Most of these were from blood cultures and sputl.MTl samples. The 
sensitivity pattern is shown in Table 6. Three of the six anti­
biotics used were effective against at l east half the strains: 
Tetracycline, Colymycin and gentamycin. Colymycin was the most 
active, and as little as 3.1 µg/ml inhibited 23.2% of strains. 
Interestingly, the marked rise of cross- esistance which has in 
the past three or four years placed the Klebsiella-Enterobacter 
group and the Providencia stuartii on a level unreachable by 
most antibiotics has not been seen with E.coli, although resis­
tance transfer factor is readily demonstratecrfn this species. 

No other gram-negative aerobic bacilli were tested (i.e., 
were involved in infection to an extent that required testing) 
in numbers significant for assessing sensitivity to antibiotics. 
Thus, members of the Mima-Herellea group, Serratia sp, Alcoligenes 
fecalis and other gram-negative forms are encountered in burns, 
but are of minor import in actual infections. 

Staphylococcus aureus is a conspicuous part of the burn flora, 
and in the last two years has been present in monotype epidemic 
status on the burn ward. A corresponding sharp rise in infections 
which call for sensitivity testing has occurred. Here the problem 
of methici llin-resistant -strains is of great importance. There 
has been a steady rise in incidence of such strains during 1969 
and 1970. The cumulative sensitivity of Stap~. aureus strains in 
1969-1970 is shown i n Table 7. The battery o antibiotics included 
kanamycin, Lincocin, Prostaphlin, Staphcillin, tetracycline, 
gentamycin and Unipen (nafcillin). The semisynthetic penicillin 
represent the family of penicillinase-resistant antibiotics that 
have, hopefully, restored the patency of the penicillins which are 
attacked by this enzyme. The source of strains implies their viru­
lent role: 70% of those tested were recovered from blood cultures. 

The situation with reference to upper limit of sensitivity 
range differs from that with gram-negt,ti ve bacteria; for s taphyl o­
cocci, the cutoff level is 6.25 µg/ml. None of the antibiotic 
battery can be described as markedly effective. Tetracycline, the 
least effective, inhibited only 7.7% of the strains. Of the 1970 
strains, only 3.8"/o were inhibited. This antibiotic will no longer 
be tested routinely; it has virtually lost its usefulness. Kanamycin 
has also dropped markedly during the past two years in its level 
of inhibiting potential, from 38'/o in 1969 to 2.8'/o in 1970. The 
average level of 18.2% is weighted by earlier collections. Lincocin 

f 
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Table 6. Escherichia coli: Cl.111ulative Inhib,itory Levels for 
Strains Isolated in the Institute of Surgical Research, 
1969-1970 

MIC µg/ml 
Antibiotic and Per Cent of Strains I nhi bi ted 

T C K Kf Co G 

> 25 100 100 100 100 100 100 

25 so s4.7 33.3 12.8 76.7 5.0 

12.s so 38.0 21.4 7.6 72.0 65.0 

6.25 42.8 14.2 7. 1 2.s 48.8 32.5 

3.12 21 .4 2.3 0 2.5 23.2 5.0 

1.s 11.9 0 0 2.5 11.6 2.5 

0.78 2.3 0 0 0 4.6 0 

< 0.78 2.3 0 0 0 0 0 

No. tested 42 42 42 39 43 40 

T - Tetracycline 

C - Chloramphenicol 

K - Kanamycin 

Kf - Keflin 

Co - Co 1 ymyci n 

G - Gentamycin 
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Table 7. Staphylococcus aureus: Cumulative Inhibitory Levels for 
Strains Isolated in the Institute of Surgical Research, 
1969-1970 

MIC Anti biotic 
µg/ml K 

> 25 100 

25 38.7 

6.25 18.2 

3. 12 11.2 

1.5 6.9 

0.78 3.8 

< 0.78 2.6 

No. tested 186 

K - Kanamyci n 
L - Li ncoci n 
Ps - Prostaphlin 
Sc - S taphc i 11 in 
T - Tetracycline 
G - Gentamycin 
U - Unipen 

L 

100 

58.6 

37.9 

24. 1 

14.9 

7.4 

3.4 

174 

and 
Ps 

100 

51 .o 

26.9 

17 .o 

8.7 

3.2 

1.0 

182 

Per Cent of Strains Inhibited 
Sc T G u 

100 100 100 100 

47. 1 22.7 72 .6 63.0 

21. 5 7.7 36.9 36.4 

7.9 5.5 15.4 25 . 3 

1 • 1 2.7 7.1 16.2 

1 • 1 2.2 7. 1 7.7 

0 1.6 2.9 4. 1 

176 180 168 166 ' 
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gentamycin and Unipen were the mcst effective agents, but even 
here at best 36 to 37% of the strains were inhibited by 6.25 µg/ml. 
These levels have been more stable, although the gentamycin-sensi­
tive level fell from 52% in 1969 to 32% in 1970. rostaphlin and 
Staphcillin were disturbingly often ineffective: the mean rat e of 
methicillin-resistance was 78.5% of all strains tested. No other 
report of such a high incidence of methicillin-resistance has come 
to our attention. There is little gain in speculating on ultimate 
causes; the fact that the current Skaph. aureus population is 
virtually entirely one type, 84, ma es it probable that if this 
strain is resistant,then the average resistance of all isolates 
will be very high. 

Staphylococcus epidermidis, and coagulase-negative cocci, 
potentially related to Stap~.aureus, were sllllmarized in one 
group. It was notably more eterogeneous than the Staph. aureus 
population. Thirty of the 45 isolates came from blood cultures; 
however, well-defined septicemia due to coagulase-negative cocci 
was seldom docllllented. The sensitivity of these isolates is show, 
in Table 8. There was little change in the general pattern of 
sensitivity, which suggests the presence of a mixed bacterial popu­
lation more than it does a homogeneous one. Only three antibiotics, 
Prostaphlin, gentamycin and Unipen inhibited over 30% of the strains 
above the 6.25% concentration. Gentamycin was the most effective 
antibiotic tested, and it inhibited 47.6% of tested strains. 

Discussion 

The bacterial flora of greatest consequence in sepsis in burn 
patients was, during 1969 and 1970, the Enterobacteriaceae (pri­
marily Klebsiella-Enterobacter, and Providencia stuartii), P. 
aeruginosa and Staph. aureus. In terms of frequency with which 
these occurred in infections serious enough to demand detailed 
sensitivity data, blood stream and pulmonary infection were the 
principal sources. Pseudomonas was inhibited best by Colymycin 
and by gentamycin. The effective range covering 60% to 75% of the 
Pseudomonas strains by these two antibiotics was, in point of 
fact, the most favorable result obtained for any major pathogen. 
Klebsiella-Enterobacter strains were far more likely to display 
resistance; again, Colymycin and gentamycin were the two most 
effective antibiotics, with gentamycin the most effective at a 
level of 69.6% of all strains tested. Tetracycline, kanamycin and 
Keflin were in the effective range for approximately 30% of the 
strains. 

Proteus mir abilis, has, for reasons not known, dropped to a 
very minor roT;;;°a5, to incidence in serious infections. The numbers 
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Table 8. Staphylococcus epidermidis and Coagulase-negative 
Staphylococci: Cumulative Inhibitory Levels for Strains 
from the Institute of Surgical Research, 1969-1970 

Antibiotic and Per Cent of Strains Inhibited MIC 
µg/mt K L Ps Sc T G U 

> 25 100 

25 29.5 

12 .5 25.0 

6.25 18. 1 

3. 1 11 • 3 

1 • 5 6.8 

0.78 2.2 

< 0.78 0 

No. tested 44 

K - Kanamyci n 
L - Li ncoci n 
Ps - Prostaphlin 
Sc - Staphcillin 
T - Tetracycline 
G - Gentamycin 
U - Unipen 

100 

23.8 

21 .4 

1 1 • 8 

9.0 

7.1 

4. 7 

0 

42 

100 100 100 100 100 

47.3 35.5 43.3 69.0 55.9 

39.4 31 • 1 33.3 66.6 48.7 

34.2 20.0 24.4 47.6 32.5 

18.4 8.8 20.0 30.9 30.2 

1 3. 1 2.2 1 3. 1 26. 1 20.9 

7.8 0 4. 3 21 .4 13.9 

0 0 2.2 2.3 2.3 

38 45 45 42 43 

f 
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tested were mainly accl.l'Tlolated in 1969 ; during 1970, few were re­
garded as of consequence. The . species is notoriously refractory to 
antibiotics; in this series, gentamycin was most effective and 
Keflin, with 40% of strains inhibited was close behind. Penicillin 
G has been reported as effective against Proteus mirabilis, but 
in tests on 45 strains in this collection, only one was inhibited 
by 12.5 µg/m1; al 1 others were at the 25 µg/m1 level or higher. 

The striking rise in Providencia stuartii sepsis has been a 
major disturbing factor in this period. Here the antibiotic sensi­
tivity tests have been entirely discouraging. The most effective 
ant i biotic , gentamycin, inhibited at best, 23.4% of strains; with 
tetracycline and Colymycin the figures were 17.4% and 15.7% re­
spectively. Results were the same in 1969 and in 1970. At present, 
there is no antibiotic available that offers any encouragement for 
this organism. 

E.coli responded with encouraging frequency to tetracycline, 
Colymycinand gentamycin. There was no indication of any rise in 
resistance in this species. Resistance transfer factors have un­
doubtedly been present but have not affected the relative level 
of susceptibility. 

Staphylococci have resumed a more significant role in sepsis, 
if the frequency of septicemia is a valid indicator. A relative 
increase in resistance to antibiotics, especially to the semi­
synthetic penicillins, was evident. The overall average in Table 
7 obscures this change, which may be shown thus: 

Anti biotic and % of Staeh~lococci Inhibited at 12.5 ~g/ml 
K L Ps s T G u 

1969 38 48 33 26 13 52 41 

1970 2.8 29.8 22.4 18 3.8 32 33.9 

Change -35.2 - 18.2 - 1 o.6 - 8 - 8.2 -20 - 6. 1 

Lincocin, gentamycin and Unipen remain the most promising 
anti bi oti cs. Tetracyc 1i ne and kanamyci n were both so inert that 
there seems little reason to continue using them in the screening 
battery. Recent observations with Keflin suggest that it be used 
in place of one of these. 

The behavior of the coagulase-negative cocci, including Staph. 
eeidermidis, suggested that this group was heterogeneous. There 
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were no highly effective antibiotics; the most promising would 
be Prostaphlin, gentamycin, and Unipen. 

At this point there are no encouraging prospects in the 
overal 1 problem of antibiotic resistant flora in burns. Pseudomonas 
aeruginosa, stilt a major pathogen, has the most promising spec­
trum; all other flora have a higher proportion of strains rela­
tively resistant to all antibiotics. These strains are not unique 
to the Institute of Surgical Research; many of them have been . 
brought in on patients from Vietnam and CONUS. A continued search 
for more effective agents is being carried on. 
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The predominant bacteriophage types of Pseudomonas aeruginosa 
included four which encompassed 37.8"/4 of the 18 significant types 
recorded. Of the strains tested, 19.4% did not react with the 
typing set, but this rate was acceptable since it consisted pri­
marily of a small proportion of each patient's Pseudanonas popu­
lation. Six types new to the significant population were recog­
nized, while five types, previously conspicuous, fell to insig­
nificant nl.lllbers. Most types~ found on incoming Vietnam patients, 
also were recognized on CONUS arrivals; three types were exclu­
sive, two to the Vietnam population, one to CONUS patients. In 
septicemia and pnel.lllonia, predominant types were shown to match 
the overall flora in incidence, rather than to suggest a virulent 
or invasive predilection by certain types. The heterogeneous 
pattern of Pseudomonas infection was confirmed; the typing system 
permitted precise delineation of contamination and seeding 
patterns in the burn ward. 

Pseudomonas 
Burns 
Phagetyping 
Topical chemotherapy 
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BACTERIOPHAGE TYPES OF PSEUDOMONAS AERUGINOSA 
FOUND IN BURNED PATIENTS 

The contro1 of burn wound sepsis by topica1 therapy was 
achieved by suppression of invasive infection due to Pseudomonas 
aeruginosa. A1though this objective has been achieved, as shown 
by the very 1ow incidence of deaths due to Pseudomonas burn wound 
sepsis,!• aeruginosa ha~ remained a formidab1e threat to the 
surviva1 ofburned p~tients. Pseudomonas septicemia sti11 occurs, 
a1though the burn wound may be under contro1. Pu1monary invo1ve­
ment with!.• aeruginosa is ne t unconmon, and co1onization of the 
burn with the threat of u1t1mate sepsis occurs comnon1y. The trans­
mission of this burn pathogen is essentia11y a passive carrier 
problem, and its eradication from the environment has not been 
achieved in a~y encouraging degree. Comprehension of the epidemi­
ologic pattern of Pseudomonas infection requires precise recogni­
tion of strains, and the phage typing system which was evo1ved in 
this 1aboratory (1) has proven to be admirab1y suited to accom­
plishing this. 

The incidence of P. aeruginosa in patients in the Institute 
of Surgica1 Research has continued to be high despite successfu1 
suppression of burn wound sepsis. The type differentiation of 
this species forms the basis of this report. 

Methods 

The technics of developing a phagetyping set have been 
described previously (2). Technics of its app1ication have con­
tinued to fo11ow the procedures set down in that report. Cu1tures 
were collected by contact p1ate on arrival in the ward, by swab 
or contact plate of wound surface, biopsy, autopsy tissue samp1e, 
from urine and sputum, and from blood culture. Sampling of in­
coming patients have proven to be of especia1 importance in recog­
nizing seeding patterns. 

Results 

Predominant Phage Types 

The extent of co1onization by Pseudomonas is a function 
of the time e1apsed since injury. For the first two days seeding 
is rare, but by days 3 to 5, it has reached a rate of 40% or 
more. Vietnam patients a1most a1ways arrive at a 1ater postburn 
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date than do CONUS patients. The carrier rate is consequently 
higher in Vietnam patients. There were 325 patients admitted in 
1970. Out of 174 Vietnam patients, 131, or 75% were cultured 
on arrival, as shown in Table 1. Seventy of these (53.4%) were 
positive for!!_. aeruginosa. Out of the 70 positive cases, 44 re­
mained positive after admission, 22 were negative, and 4 had no 
further cultures. Sixty-one (46.6%) of t~e patients were negative 
for!• ~ruginosa, 27 or 44%, acquired!• aeruginosa at some 
time during their stay; 32 remained negative, and two were not 
cultured. 

The positive rate for CONUS patients on admission was lower 
than for the Vietnam group; 44 were cultured on admission: and of 
these, seven (16%) were positive for Pseudomonas and 37 were 
negative. Out of the seven positives, three remained positive for 
!• aeruginosa; two showed no further positive cultures. There 
were 37 CONUS patients negative on arrival; 17 of these, or 46%, 
acquired!• aeruginosa. The remaining 20 were cul t ured wHh neg­
ative results. It -'as surprising to note that the ,admission rate 
for Pseudomonas, at 53.4%, was little changed frorn the rate in 
1968 and 1969. CONUS arrivals exhibited 16% positives on admis­
sion; in 1969, the figure was 14%. The total positive rate for 
P~eudomonas, either on admission or post-admission, was 59"/4. It 
had reached 75% in 1969. 

In all, there were 740 Pseudomonas strains collected frl'lffl 
162 burned patients in 1970. This was approximately half of the 
patients admitted during the year, 102 were Vi ,etnam returnees, 60 
were from CONUS. 

The predominant phage types are listed in Table 2. Fourteen 
categories are listed; since 19.4% of all isolates failed to 
react with this typing approach, the nontypables (NT) were numeri­
cally the largest single category. The 13 types listed took the 
smallest group to a total of five strains. As has been done pre­
viously, the types are assigned l~tter and nunerical codes for 
convenience in referring to them. Out of these 13 types, se,•en 
had been noted in the predominant category in 1969. Six types: 
M4,F12, ClO, Hl ,D41 and B9a, had not been nunerous enough to be 
1i s ted in 1969. 

Although the total of nontypable strains was relatively 
large, 59 or 40% of these strains were recovered from only seven 
patients; the remaining 86 strains appeared on 51 patients. Thus, 
the incidence on most individuals was less than two isolates per 
person. The nont y able rate has fluctuated; in 1969 it was only 
14%. 

t 
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The most prominent phage type was 121~,68,119X, designated 
H3. Forty patients harbored 117 strains. They were first seen in 
January 1969 and were the predominant type in 1969; again in 1970, 
it was the predominant type. H3's were unquestionably brought in 
on returning Vietnam veterans. In 1970, 14 Vietnam patients had 
this type on admission, from January through April. From that time 
on, however, the strain disappeared from the returning Vietnam 
group on their admission cultures. It did not disappear entirely, 
but only six patients harbored it in the last six months of 1970. 

Phage type 119x is designated as M-2. It was the fifth in pre­
valence in 1969, and increased to second most comnon type in 1970. 
It was almost entirely in Vietnam patients in 1969; in 1970, it 
was still primarily found in Vietnam returnees. 

Type i214,68,F8 is code H-15. Seventeen patients yielded 77 
strains all together. It was first seen in January of 1969 on 
Vietnam returnees, and it was the sixth most prevalent type in 
1969. It became more corm,on in 1970, but not in Vietnam returnees. 
It was not found on admission cultures. It was no t seen after 
October, and it is possible that it has disappeared from this 
population. 

Type 119x,F7 is code M-4. Ten patients furnished 53 strains 
for typing. It was rare (seen twice) in 1969, and in 1970 did 
not appear until August. One strain came in December on a Vietnam 
patient, so that it may indeed be transmitted from the Far East. 

Phage type 31 is designated F-12. It has a long history of 
occurring in the Institute of Surgical Research; in 1967 it was 
fourth most comnon; in 1968 it was the second most conmon type, 
while in 1969 it was relatively rare. Two Vietnam admissions had 
it on their wounds on admission; since it was found previously 
in CONUS, we may conclude that it is a proven world-wide type. 

Phage type 68 (I-1) is also an old type, first found in the 
Institute of Surgical Research in 1965. It was fourth most comnon 
type in 1969,and in 1970, was the sixth most commonly encountered. 
1-1 has always been generally distributed; it was spread over all 
patients in 1970, and two Vietnam returnees harbored it at time 
of admission. 

Phage type 7,31 (B-13). Seven patients yielded 48 strains 
of this type. 8-13 was extremely prevalent in 1969 (second most 
comnon); however, in 1970 it fell to seventh place. It was found 
in January and February; then it disappeared until December. One 
Vietnam patient and one CONUS patient harbored it on admission. 
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Type 7,68,119X (B-9a} a,so occurred on seven patients, but 
there were only 12 isolates. It was a new type not previously 
seen. It occurred only in Vietnam patients, of whom four carried 
it on admission. These strains were encountered only during March 
through June 1970. 

Type 1214,68 (H-14}. This type also occurred 12 times on 
seven patients. It was ninth most prevalent in 1969, and in 1970 
was in the same range. It was most corm,on in Vietnam patients, 
although it only once was found on admission. 

Type 16,21,44,1214,68,F8 is designated as C-10. Six patients 
were positive, with 10 strains recovered. In 1969 it was seen 
on only one patient. It was found, in 1970, on two Vietnam patients 
at admission, but reached CONUS pat ients on the ward. 

Type 1214 (H-1}. Six patients yielded n1ne strains. In 1969, 
four atients had harbored it; in 1970, one Vietnam admission was 
posi t ive. 

Type 21,68 (D-14}. This pattern reacts with two old, well­
defined phages; it would seem logical that it would become c~on. 
However, this was not the case. It occurred on five patients each 
in 1969 and in 1970, when it was found only on CONUS patients, of 
whom one was positive on admission. It would appear to be persis­
tent since 23 strains were recovered. 

Type 7 (B-22} was the last one to involve five patients, with 
one strain each. It was twelfth most prevalent in 1969. One 
Vietnam patient harbored it on admission in 1970, but it also 
occurred on CONUS patients. 

The most corrmon type within these major types was H-3. The 
continued influx of strains from Vietnam contributed to this. 
However, this prevalence diminished markedly after June 1970. If 
re-seeding does not occur, this type may well disappear. As has 
been pointed out previously, the population off.• aeruginosa is 
a continously changing one. The cause of thee changes is not yet 
c 1 ear. 

Pseudomon~s Septicemia: Phage Types 

The close association of blood cultures positive for 
Pseudomonas and the demise of the patient requires a constant 
monitoring of these strains for a common type which may be asso­
ciated with bacteremia. 

' 
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During 1970, 26 strains of Pseudomonas were collected from 
the blood of 14 patients. The phage types of these particular 
strains are given in Table 3. Listed are the phage type and phage 
type code for each individual patient as each strain was recovered. 
On the right are the number of strains from each patient. The 
patient n1.1T1ber underlined indicates that the patient expired. Only 
one patient, Patient Nr. 265, in October, survived. 

Phage types 1214,68,FS and 1214,68,119X were each found in 
blood cultures of four patients. Type 21 ,119X was observed in the 
blood of two patients. Four patients had other types, none of 
which were the same; one patient, Nr. 288, had two types recovered 
in separate blood cultures. 

From this array of phage types, totalling 26 strains of 8 
types, it was evident that blood stream invasion was not restri c ­
ted to any particular type. The two phage types found most fre­
quently were also among the most prevalent types from all sources. 
Type 21,119X, however, had a higher incidence in blood cultures 
than it did from other sources, but the numbers were too small to 
be meaningful. No nontypable strains were encountered in strains 
recovered from the blood. 

Phage Types of Pseudomonas from Post Mortem Lung Tissues 

Due to the increasing importance of pneumonia as a major 
cause of death in the burn patient, a survey of the phage types 
of Pseudomonas in postmortem lung tissues was made to determine 
whether any particular type can be associated with this condition. 

Listed in Table 4 are the phage types of Pseudomonas from 
postmortem lung tissues. This collection consisted of 32 strains 
from 19 patients. 

The most prevalent type was 1214,68,119X (H-3) in tissues 
from seven patients. 1214,68,F8 (H-15) was found in tissues of 
five patients. Phage type codes M-4 (119X,F7) and H-1 (1214) were 
observed in three and two patients, respectively. The remaining 
five types and a nontypable were seen each in a single patient. 

It is apparent that no cormion type can be found among these 
strains. The 32 strains were of nine phage types with one non­
typable. The incidence of types in this collection closely followed 
the incidence of types from all sources as shown in Table 2. 

Monthly Distribution of Predominant Pseudomonas Phage Types 
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The sequence of phage types as they occurred over the 
year 1970 demonstrated the scope of the problem as far as applying 
any chemotherapeutic method to rid the population of certain 
strains. The multiplicity of types and the predominance and dis­
ap?earance of types over a period of time complicate the choice 
of method of treatment. 

Table S illustrates the sequence and concentration of the 
predominant types found in the burn ward flora during each month 
of 1970. Opposite each phage type is the monthly patient occurrence 
and total strains of that type. The blocks indicate the most pre­
valent types during each monthly period: the solid line - most 
prevalent; double line - second most prevalent, and single line -
third most prevalent. 

Nontypable strains were found in every month of the year. 
They were the most numerous or second most prevalent in 10 months 
of the year. Strains of type code H-3 were the most prevalent from 
January through March and occupied second or third place from 
April through August. Only two patients had strains of this type 
during the last four months. Type code M-2, first appearing in 
March as the third most prevalent type, was the predomin~nt type 
in Apri 1 and in May, along with nontypables. Again in October it 
was the most prevalent type along with type code H-15. Type code 
H-15 occurred regularly but with low incidence from January 
through September, but in October was the most prevalent type 
along with type code M-2. No strains of this type were observed 
in November and December. Type code M-4 strains were first ob­
sP.rved in August in which they were the second most prevalent 
type. In December strains of this type were the most prevalent 
along with nontypable strains. Type code F-12 strains first 
appeared in March when they were the second most prevalent type 
along with nontypables. They occurred in low incidence in a fol­
lowing five-month period. Strains of type code I-1 were scattered 
over a five-month period but concentrated mainly in July as the 
second most prevalent type. Type code B-13 strains appeared in only 
three months of the year, being the third most prevalent in January 
and second along with type code C-10 in December. Type code B-9a 
strains, observed in only a consecutive four-month period,were 
second in prevalence in April and May. Type code H-14 was found 
over a seven-month period, but always with a low incidence.The re­
mainder of the types listed occurred in low frequency and during the 
time intervals indicated. Type code D-41 strains were f ound during 
eight months of the year but never in a high incidence. 

Discussion 

' 
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The occurrence off• ueruginosa on burn wounds and in systemic 
involvement was a major feature of burn pathogenesis in 1970. Viet­
nam patients, arriving later and with greater opportunity to ac­
quire P. aeruginosa enroute, had a higher rate of positive culture 
on admTssion, and during their hospital stay. However, predominant 
types, many of which first entered the ward on burn patients from 
Vietnam, permeated the population readily; only with three types 
was there a marked discrepancy between incidence on Vietnam patients 
and CONUS patients. B-9a and H-14 were solely, or almost entirely, 
found on Vietnam patients, D-41 only on CONUS patients. But when 
numbers were larger, interseeding was readily shown. 

The input of previously unknown types has continued but at 
a slower pace. The implications for imrnunotherapy in this diver­
sity of identities is obvious; while phage type does not corres­
pond to envelope or cell wall antigen identity, there is great 
likelihood that infectivity and immunity are extremely hetero­
geneous with this population. 

It must be borne in mind that there is a population of 
pseudomonads that react with the phage typing set but which occur 
in small numbers, involving less than five patients. These are 
not listed in the tabulation, but among them are types that may, 
in the future, assume predaninance. The control of burn wound 
sepsis demands knowledge of the identity of individual infecting 
strains; phagetyping is still the most sensitive tool for making 
such distinctions. 
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Monitoring of 296 isolates of Pseudomonas aeruginosa from 
burn patients showed that this spec1es, a major hazard in burn 
treatment, was more sensitive to sulfamylon than it had been in 
1968 and 1969. The constant introduction of new strains probably 
accounts for this freedom from the appearance of sulfamylon-re­
sistant strains. The maxim1.1n inhibiting level was 0.312%, in con­
trast to the 0.625% to 1.25% levei previously seen. Sensitivity 
was compared to phag~ type ar,d showed no specific resistant types, 
although individual outbreak.i of more tolerant strains did occur. 
Tolerant strains were not found to be directly related to treat­
ment failures. Comparison with sulfadiazine showed that inhibi­
tion occurred with 0.0097°/4 sulfadiazine in 46% of isolates; but 
54% of 95 isolates were sulfadiazine resistant. Reliance on sulfa­
diazine as a therapeutic agent requires assurance that the strains 
involved are sensitive. 

Burns 
Sul famylon 
Topi ca 1 therapy 
Pseudomonas 
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SENSITIVITY OF PSEUDOMONAS AERUGINOSA TO SULF~YLON 

Sulfamylon burn cream was first used in full-scale treatment 
of a burn ward population in 1964. It has now been the mainstay 
of chemoprophytactic treatment in the Institute of s~rgicat Re­
search for seven years. As with other forms of chemotherapy, it 
was assumed that strains resistant to this agent would emerge 
under conditions of continued use, and in consequence, a close 
and continued monitoring of the sensitivity of burn wound flora 
to this drug has been made. From the cutset, it was intended 
that sul famyton would control Pseudomonas burn wound invasion; 
thus, this organism has remained the primary target for assess­
ments of the status of sutfamyton as an antibacterial agent. The 
ditu , ion of sutfamyton active against Pseudomonas aeruginosa is 
not high and, indeed, the 10% concentration which is used in 
treatment implies a relatively weak agent. It is of great impor­
tance that the incursion of relatively tolerant strains into 
the burn ward be detected, since a strain requiring 1.25% for 
inhibition could be regarded as approaching a resistant level. 

Methods 

The testing procedure has been previously described (1). Di­
lutions of sutfamyton from 0.019"/4 to 1.25% in nutrient agar were 
prepared and poured in grid-marked plates. Wien hardened, each 
1 cm square was seeded with a drop of 4-hour broth cuttJre diluted 
to contain 200 t 50 colonies per 0.025 mt drop. This required a 
dilution of tcr3 in most instances. Plates were inverted and read 
for visible growth at 20 hours. The endpoint of inhibition was 
read at the level which showed a barely visible granularity repre­
senting minimal growth, instead of total inhibition. The latter 
procedure proved too often to create a broad end-~one instead 
of an endpoint. 

Results 

Two hundred and ninety-six strains of clinical material 
from a large succession of patients were tested. The inhibitory 
levels are presented in comparison with series tested from 1967 
to 1970. Since the significance of any given level of sensitivity 
has greater meaning when it is viewed in tight of preceding in­
crements of microorganisms, the 1970 experience is set down in 
comparison with results obtained from 1967 through 1969 in Table 
t. The upper limit of tolerance for sutfamyton, which was 1.25% 
in 1967, has fallen steadily since then. In 1968 and 1969 a small 
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percentage of strains required 0.625% of sulfamylon to be inhibited; 
in 1970, no strains tolerated any amount above 0.312%.In the two 
preceding years,between 40 and 50% of isolates required 0.312% or 
higher for inhibition;in 1970, only 21 .'f¾ required this amount for 
inhibition. Median inhibiting concentration,at which point one-
half of all strains required more,and one-half required less sul­
famylon for inhibition,was 0.063% in 1967;0.124% in 1968; 0.234% 
in 1969, and the median value dropped to 0.117% in 1970.There 
were fewer phage patterns represented among the strains typed in 
1970 than had been the case in earlier years,but there was still 
a broad spectrlMTI of phage types included in every level of sensi­
tivity. For 0.312%,there were 20 phage types included;for 0.156% 
MIC,22 phage types.For 0.078°/4, 27 types; for 0.039"/4 , 28 types. 
With only six strains at the 0.019"/o level,there were only two 
phage types represented. 

Cumulative sensitivity to sulfamylon shows the effective 
level of the agent in relation to all strains tested.This rela­
tionship is presented in Table 2.The population of f.aeruginosa 
collected from clinical specimens was more sensitive than that for 
any year since 1967.The absence of any strains that tolerated more 
than 0.312% of sulfamylon had not previously been encountered.The 
0.156% level also inhibited a higher proportion of the total 
strains than had been seen since 1967.The results can only mean 
that with the constant input of new strains which occurs with re­
ceipt of new patients,the trend has been toward an increasing 
number of sensitive strains,following a two-year period in which 
a pattern of increasing resistance had been observed.It may be 
concluded that the efficacy of sulfamylon in controlling Pseudo­
monas burn wound sepsis has not diminished as far as in vitro 
susceptibility to the drug is concerned. 

The sensitivity of the entire population of f.aeruginosa was 
greater than in preceding years,but there remains the question of 
the existence of groups of strains · that may constitute exceptions. 
Individual phage types,predominant for a time in the patient popu­
lation, offered an opportunity to assess this possibility. Table 
3 sumnarizes the sensitivity to sulfamylon of strains of two well­
defined phage types,conspicuous in our ward populations during 
1970.Type H-3,with 53 isolates from 33 patients,had sensitivities 
distributed essentially between 0.156% and 0.078%.This is close 
to the median level of all strains teated.There was no reason to 
consider that this type was atypical in its sensitivity. 

Type H-15,another well-defined type,was recovered from 15 
patients,with 23 strains tested. In this instance,the sensitivity 
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hble ), 
Sulfamyl on Sensitivity Reaction •, of Two 

Pred ominant Pha ,,e Type s 
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0 .625 0 , }12 o. 1 56 0 . 078 o . 03~ 0 . 0 19 
34 1 

125 1 
21 7 4 
115 3 

2 1 
32 I 
37 1 

7 1 
96 1 
56 3 

5 2 
11 1 2 
13 1 
76 1 
59 3 
33 5 
31 1 
55 2 
12 1 

153 I 
157 I 
211 1 

63 1 
64 1 
77 1 
57 3 
54 1 
10 1 

144 I 
160 2 
46 1 
30 I 
67 1 

3 26 22 2 

115 1 
:J6 I 
11 I 
59 I 

243 3 
33 I 

2 77 3 
150 I 
I 38 I I 
54 I 
43 I 

2 72 I 
214 2 
264 2 
76 I I 

11 6 3 3 -

• All conc•ntratlons In Gms.J 



6-6 

level is definitely skewed from the typical distribution which was 
seen with type H-3. Eleven strains fro six patients were all 
inhibited at the upper limit of the sensitivity level detected in 
the total population. The conclusion appears justified that this 
strain did appear at intervals, with a sensitivity level not typi­
cal of the whole population. One of the major reasons for monitor­
ing ser.sitivity of the population off.• aeruginosa in a burn ward 
is the possibility that a resistant clone will make its entrance 
and proceed to colonize the ward and create a local problem in 
drug resistance. 

In view of the interest in alternative substances for use in 
topical therapy, sulfadiazine has been tested as a topical agent. 
The i!l vitro sensitivity of P. aeruginosa to sulfadiazine was com­
pared with sensitivity to suTfamylon for 95 strains. This selection 
from 17 phage types and a group of nontypable strains is shown in 
Table 4. The types most extensively represented included those 
currently conspicuous in the burn population: F12(5); H-3(17);H-15 
(S);M2(5);M4(19); and nontypable strains included isolates from 
two patients who were treated with topical 2% sulfadiazine cream. 
Comparative sensitivities are surrmarized in Table 5. The limited 
solubility of sulfadiazine made 0.312% the highest test concen­
tration possible. All strains which were sensitive were inhibited 
at 0.0195°/4 or below; thus, the strains tolerating 0.312% were 
resistant strains. Of strains sensitive, 39 or 31%, were inhibited 
by 0.0048°/4 or less. However, the relatively large number of sulfa­
diazine-resistant strains included 30 strains from four patients 
treated with topical 2% sulfadiazine. It appeared that emergence 
of resistant forms in patients treated with sulfadiazine is a real 
possibility. The recovery of 25 strains which were sensitive to 
0.312% of sulfamylon and resistant to sulfadiazine suggested that 
there may be a cross-relationship in sensitivity to these two 
entities; however, sulfamylon sensitivity at 0.312% also was seen 
in strains sensitive to 0.0048°/4 and to 0.0024% sulfadiazine. 

Discussion 

The sensitivity level off.• aeruginosa to sulfamylon showed 
a shift in the direction of greater sensitivity than was observed 
during 1968 and 1969. Despite broad use of this drug, resistant 
strains have not been encountered nor have they been recovered 
when sought in patients treated over long periods with recurrent 
positive Pseudomonas cultures. The maximlll"I level of sulfamylon 
tolerat~d was 0.312% in contrast to previous years when tolerance 
of 0.625% was seen and even 1.25% failed to inhibit a small pro­
portion of the strains. There were no specific phage types that 

I 
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Table 5. Sensitivity to Sulfamylon and Sulfadiazine of 95 
Strains of Pseudomonas aeruginosa from Clinical 
Isolates 

No. of '¼ Sensitive to ~~ Sensitive to 
Strains Sulfamylon Sulfadiazine 

25 0 . 312 > 0.312 

8 O. 156 > 0.312 

19 0.078 > 0. 312 

0.039 0.0195 

0.078 0.0097 

2 0.039 0.0097 

7 0.312 0.0048 

10 0.156 0.0048 ' 6 0.078 0.0048 

7 0.039 0.0048 

3 0.312 0.0024 

2 0.156 0.0024 

2 0.078 0.0024 

0.039 0.0024 

O. 156 0.0012 

95 
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were resistant as types; however, type H-15, which was relatively 
comnon on the burn ward for a time, did indeed exhibit a dispro­
portionate nllTlber of strains requiring 0.312% for inhibition. The 
presence of patients with a large nllTlber of isolates weighted this 
finding. 

Sulfadiazine sensitivity,tested in a series of 95 strains, 
showed sulfadiazine resistance in 54% of these strains. The figure 
was weighted by a large nllTlber of isolates from patients being 
treated with 2% sulfadiazine burn cream, but the result emphasized 
the hazard in the ready emergence of resistant forms with this 
agent. 
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Combat and military training situations engender large 
numbers of burn injuries. Modern burn therapy depends upon use 
of bacteriostatic surface treatment to control burn wound sepsis, 
caused by Pseudomonas aeruginosa. The continued occurrence of 
septic complications in burns prompted a comparisor of the prin­
ci pa 1 burn creams now in use, together with assessment of sulfa­
di azine in topical burn treatment. Sulfamylon, sulfadiazine, 
silver-sulfadiazine, and gentamycin, each in an aqueous cream, 
we·e used to treat burned rats seeded with five strains of P. 
aeruginosa of relatively high virulence. The least virulent-strain 
permitted survival of animals treated with sulfamylon and with 
2% sulfadiazine in the 90% range; silver-sulfadiazine effected 
an 83°/4 survival, while gentamydn saved 68% of animals. With the 
more virulent strains, survival rates were highest with 2% sulfa­
diazine and with sulfamylon; silver-sulfadiazine was moderately 
effective with the less virulent strains but ineffective with 
the most virulent forms. Using a range of virulent challenge 
strains increased the plausibility of the animal assay as a means 
of selecting effective topical agents. 

Burns wound 
Sulfamylon-sulfadiazine 
Pseudomonas 

' 
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DEVELOPMENT OF PROPHYLACTIC TOPICAL THERAPY FOR USE ON 
BURN WOUNDS: SEARCH FOR IMPROVED FORMULATIONS 

The control of burn wound sepsis by use of 10% topical sulfa­
mylon is now an established clinical method, and the procedure is 
widely used (1). The syndrome of burn wound sepsis can be repro­
duced in burned animals by seeding a burn wound with Pseudomonas 
aeruginosa, but this is the only bacterial species with which 
burn wouna sepsis can be consistently created, and indeed, unless 
a Pseudomonas species is found in the human burn, the clinical 
diagnosis of burn wound sepsis is open to question. The relative 
efficacy of different forms of topical therapy for burns is stilt 
a question of major interest, and since direct comparisons of 
different formulations have not been adequately carried out, three 
currently used agents plus an older sulfonamide in a new formula­
tion were studied. When the original sulfamylon formulation was 
being developed, various criteria of effectiveness, such as 
bacterial content of wounds, histologic evidence of suppression 
of invasive sepsis, prot~ngation of survival, and destruction of 
P. aeruginosa were used. In the present study, however, the basis 
of comparison was confined to death or survival of the animal. 

Materials and Methods 

Burn Model. The infection model has been described previously 
(2). Briefly, male, Sprague-Dawley rats of the Holtzman strain, 
weighing from 195 to 210 grams, were used. They were anesthetized 
with nembutal, clipped, and scalded for 10 seconds over 20% of 
the body surface. The burned animals were seeded with one ml of 
an 18-hour broth culture of the test strain, d i luted to contain 
100 million ~rganisms. Seeding was performed within 90 minutes 
after burning, to assure maximum virulence of the test organism, 
since delay in seeding may result in decreased lethality. 

I!.!.!, Strains. Five strains off• aeruginosa were selected 
from a collection of over 100 strains which were tested for viru­
lence in this animal model. These organisms came from burn sur­
faces, blood, urine, sputum, and tissues collected at biopsy 
and autopsy. It had earlier been found that there is no correla­
tion between the source of a strain and its virulence for the 
burned rat (3). The strains used in this st · dy included the 
following: 

12-4-4 co11etted in 1959 from a blood culture in a burn 
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patient with fatal septicemia. 

8-28-3 collected in 1963 from the burn wound in a patient 
with a fatal burn injury. 

3-24-5 collected in 1964 from a focus of subeschar inva­
sion in a patient with a fatal burn. 

4-18-9 collected in 1970 from the sputum of a burn patient. 

VA-134 collected from the urine of a patient with fatal 
burn wound sepsis. 

Each strain was documentedly virulent for the burned rat. 
Since variation in virulence has in some instances occurred when 
strains were maintained in serial subculture, the stability of 
challenge was achieved by preparing large stocks of aliquots of 
seed bacterial suspensions from each fresh isolate. The agar 
slant cultures were suspended in sterile skim milk, sealed in 
glass and stored at -700 C. Each challenge culture was made 
from one of these aliquo sand each inoculum was viewed as iden­
tical with its p(edecessors. 

Therapeutic Agents Compared. 

a. 10% sulfamylon hydrochloride, as originally compounded 
in~ water dispersible gel (4). The therapeutic form of the drug, 
s~lfamylon acetate, was compared with the hydrochloride in an 
earlier report (5). 

b. 2% sulfadiazine, suspended in the same base as that used 
for sulfamylon HCl. 

c. 1% silver-sulfadiazine, provided as an experimental drug 
by Marion Laboratories (6). This drug is in a pharmaceutical base 
comparab 1 e to that used for 11 a 11 and 11 b11 • 

d. 0.1 % gentamycin cream (7), supplied by Schering Corpora­
tion. The base for this preparation is water dispersible, and 
gentamycin can be shown to diffuse from it. 

Therapeutic Procedure. Treatment was started 24 hours after 
the animal was seeded. It consisted of applying 3.5 gm of medi­
cation to the back of the burned rat, once daily, for a total of 
10 treatments if the animal survived that long. The animals were 
observed for 21 days postburn at which point survival was registered 

' 
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as complete. It was originally pointed out (1) that earlier and 
more frequent tre~tment will, in the case of sulfamylon, enhance 
survival. However, in this comparative series, once daily treat­
ment gave a more meaningful spread in s~rvival rates. 

Results 

All strains that have been tested against topical chemo­
therapeutic agents have shown some degree of variation in their 
response to therapy. Thus, fluctuations in death rate have 
occurred, and the assessment of a given agent's effect on the 
lethality of a specific strain required that such variation be 
recognized. Each comp::trison was therefore made with a single 
set of anima 1 s and a fresh suspension of each of the cha 11 enge 
strains. 

The selection of the optimal strength for sulfadiazine was 
made after parallel i.t:::. t •: with 1% and 2% suspensions. The table 
sunmarizes this comparison. 

There was a marked in rease in survival with 2% sulfadiazine 
over the 1% suspension. Sulfadiazine is relatively insoluble in 
water, and the 2% suspension appears to represent an upper limit 
of drug solubility. Thus, 3% and 4% suspensions did not further 
increase the survival rate beyond that achieved with 2%. Since 
the minimum effective level of sulfadiazine wa!; sought, the test 
strength was set at 2%. 

Not only can there be wide variation between individual 
experiments in numbers of survivors, but the logistics of testing 
limited each test to 5 to 6 animals per drug. Survival rates 
were found to most effec ively portray the effect of the drug 
when they were presented as cumulative results of successive 
groups of animals challenged with an individual strain of P. 
aeruginosa. -

Figure 1 shows the survival rates with strain 12-4-4. The 
untreated controls showed a consistent survival rate of 16%. 

•Sulfamylon and 2% sulfadiazine both permitted survival of animals 
in the 90% range; silver sulfadiazine was effective in a comparable 
degree, but its consistent level of 83% survival was lower than 
the first two agents. The gentamycin ointment was effective at a 
significantly lower range of only 68%. 

Figure 2 s1.111narizes the survival rates in animals challenged 
with strain 8-28-3. It was far more lethal than strain 12-4-4, 
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EFFECT OF SULFAOIAZENE CONCENTRATION ON SURVIVAL 
OF PSEUOOMONAS-SEEDED BURN RATS 

CHALLENGE STRAIN AND % SURVIVING 
12-4-4 8-28-3 3-24-5 4-18-9 VA-134 

1% SULFAOIAZENE 69.6 

2% SULFAOJAZENE 87.0 

42.9 

72.8 

31.3 

62.5 

30.2 

45.9 

0 

16.0 ' 
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as is seen in the negligible survival rate among untreated controls. 
Su1famy1on gave a survival rate of 85% of the animals; su1fadia­
zine and si1ver-su1fadiazine were vi r tually identical in thera­
peutic effect, but at a lower range c.,f 70% to 72%. With this more 
virulent challenge, gentamycin was effective only at a far tower 
level; survival occurred in the 20% to 35% ra nge. 

Figure 3 summarizes the survival rates with strain 3-24-5. 
This was a strain considerably more 1etha1 and more rapidly in­
vasive than strain 8-28-3. With t~is strain, survival rates for 
a11 drugs were significantly 1owe~ than with the two preceding 
strains. The most effective agent was sulfadiazine; with this, 
65% of the animals lived. Su1famy1on was consistently effective 
at the 44% survival level, while si1ver-sulfadi3ziae was far less 
effective, and permitted survival of only 24% of the animals. 
Gentam~in exerted a slight effect; 7% of the t r eated animals 
survived. 

Figure 4 shows survival rates with strain 4-18-9, which was 
an extremely virulent invasive strair1 isolated from sputum. Sur­
vival of untreated controls was negli _ib1e. With this strain 
2% sulfadiazine was the most effective agent, but the best sur­
vival rate was only 40%. Su1famy1on was effective,too, but in only 
33% of the animals. Parallel treatment with si1ver-su1fadiazine 
permitted survival of only 13% of the animals, while gentamycin 
was virtually ineffective. 

The most virulent and intractable strain in the challenge 
battery, VA-134, is summarized in Figure 5. It was isolated from 
urine in a fatal case of burn wound sepsis in 1963. Only rarely 
did an untreated control survive this strain. The effective 
therapy with this strain was minimal, although even in this in­
stance, the agents in descending order of effectiveness were 
su1famy1on, su1fadiazine, si1ver-sulfadiazine and gentamycin. 
The highest survival rate, with a cumulative 1eve1 of 24%, occur 
red with sulfamylon, while the least effective agent, gentamycin, 
exerted a minimal but real survival effect on 9% of the animals. 

The gradation of survival effect is in inverse proportion 
to the virulence of the organism. The relative effectiveness of 
the compounds on a series of challenge strains is evident, but 
the behavior of each compound is more clearly lhown by comparison 
in terms of the drug Hse1f. 'Figure 6 sunmarizes the cumulative 
survival rates of the challenge strains with 10% sulfamy1on. The 
uniform and consistent fa11 in therapeutic effectiveness with 
increasing viruleRce is apparent. The initial fluctuations in 
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su e essive t ests with s trains 8-28-3 and 3-24-5 as noted above 
r a co unted f or by plotting results. 

Fi gure 7 illustrates the behavior of 2% sulfadiazine with 
t h same challenge se ries. Again a consistent drop in survival 
wit h i nc reasi ng virulence wa5 evi den t . The behavior of sulfa­
d i z ine aga inst strain 3-24-5 resulted in n cumulative survival 
r e a pproa chin g that obser ved with strai n 8-28-3. In this respect } 
su lf dia ine was more effective than sulfamylon in control of 
in fec tion in t he seeded rat. 

Figu re 8 surrrna ri zes the performance of 1% silver sulfadia­
zin e . Two st rains, 12-l.,-4 and 8-28-3 were "sensitive" to this 
dru g, but the remaining three challenge strains were associated 
with neg ligible s urvival rates. With these highly virulent chal-
1 nge s trains survival ranged from 25% to 12% of the test animals. 

In Fi g . 9 the performance of topical gentamycin is surrrnarized. 
On ly one st r a in, 12-4-4, was affected to a significant degree.The 
r e11 ,c:~ :-.~ng five strains wer e susceptibl e to treatment only to a 
slight degree. Survival of animals seeded with those strains ex­
c eded that of the control animals, but was by far the least of 
a ny o f the a gents tested. Strain 8-28-3 fluctuated more widely 
b tween s ucc essive tests than did other agents tested against 
gc n ta my cin. Ther e i ~ no explanation available for this phenomenon. 

Blood leve ls of sulfadiazine are an obvious factor to be 
c ns irle r ed in use of this drug. With the 2% sulfadiazine cream, 
b l od l evels in t he treated animals reached a peak of 4 to 5 mg% 
on the fo urth po s tburn day. After thi s time there was a steady 
f a 11 in s u 1 fad i az i ne 1 eve 1. By the tenth pos tburn day, the mean 
le ve l was 2 to 3 mg%. Sulfadiazine also appeared in the blood of 
si lver- s ul f adiazi ne t reated rats. Its source was obvi~usly the 

u l f di z i ne component of the complex. The highes t level was 
r eached on the f ourth post burn day , wi t h mean high levels of 
from 3 to 4 mg /2 . As with sulfadiazine, this level dropped after 
one week, wi th amounts of from 1 to 3 mg% detected. 

Di s us sion 

Th s ys tem o f test in g desc ribed represents a comprehensive 
b t ry o f cha I l enge stra· ns o f hi gh virulence, each possessing 
a va r yi ng deg r of r es pon se t o topi cal therapy. The relative 
e ff ec t i ve ness o f the four a gent s used were consistent in succes­
s iv t sts , nd the mu lt ip l e tri al s ca nce lled out the effect of 
f l u tua t i ons whi ch occ ur in thi s a s in all biological test systems. 
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The high surviva l rate with sulfadiazine in animals seeded with 
st rain 3-24-5 wa s an excep t ion to the essentially orderly sequence 
of t her apeuti c effect. Fluctuations in survival rate were more 
ev iden t when successiv~ trials of silver•sulfadiazine was used 
t han wa s the case with sulfamylon or sulfadiazine. Gentamycin 
results were minimal and in this infection model it could not be 
t ermed to have promising potential. 

Sulfadiazine was the most effective drug in tests against 
3 out of the 5 test strains; sulfamyton was slightly more effec­
tive than sulfadiazine in tests against two strains. Silver-sutfa­
diazine was ineffective, to a marked degree, with 3 of the 5 
strains used. 

It should be noted that E.:_ aeruginosa may exhibit resistance 
to sulfadiazine in vitro, and it is entirely possible that if 
this drug were used in burn treatment, such resistance might be 
an adverse factor. None of the challenge strains shown were resis­
tant to any of the test drugs, but the possibility mus t be con­
sidered. Sulfadiazine is not an inhibitor of carbonic ~nhydrase, 
in contrast to sulfamylon, nor is a 2% suspension of sulfadiazine 
in an aqueous get painful on second-degree burns. These factors 
could prompt its trial in topical therapy of burns. Should this 
be considered, it would be advi sable to monitor the wound flora 
and to test f• aeruginosa strains for resistance. If such resis­
tance appeared, it could be a factor in the selection of a topical 
agent. On the basis of its behavior in the experimental model 
shown, it merits consideration as an additional agent for cli ni­
cal trial in control of Pseudomonas burn wound sepsis. 
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The microbial flora in sulfamylon-treated burns is viewed 
with emphasis on two organisms: Staphylococcus aureus and Provi­
dencia stuartii. The former, after almost a decade of behavior as 
a controllable pathogen, has shown a marked rise in incidence as 
an organism associated with septicemia and other infections. Phage 
typing showed this resurgence corresponded to replacement of a 
heterogeneous population with two successive epidemic types, one 
with 47,54,75,84,85 and later with type 84,85. Methicillin resis­
tance in these strains was very high and no consistently effective 
therapeutic agent has been identified. Providencia stuartii has 
become the most important cause of gram-negative sepsis; although 
burn wound sepsis has not been shown, a high level of colonization 
in the burn appears, with frequent septicemia and with a high rate 
of Providencia pneumonia. The strains are broadly resistant to 
antibiotics. The problem is defined, but solutions to these re­
fractory infections await further research. 

Burns 
Staph aureus 

Providencia stuartii 
Sepsis 

~ Present address: 5th Army Area Lab, Fort Sam Houston, Texas 
78234 
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PATHOGENESIS OF BURN WOUND INFECTION: BACTERIAL FLORA OF 
BURN WOUNDS RECEIVING SULFAMYLON TREA™ENT.ROLE OF STAPHY­

LOCOCCI ANO PROVIDENCIA 

Sepsis in burned p~tients has continued to constitute a 
major cause of death, although the control of burn wound sepsis 
remains an accomplished fac t (1).At the same time,an apparent in­
crease in mortality ra t e, and a decrease in the LA50 (lethal 
burn area at which 50% of patients succumb) have occurred. Thus, 
an ongoing scrutiny of the bacterial flora of the burn wound is 
called for, since regardless of its source, lethal infection re­
mains a major concern in burn therapy. Burn mortality fell con­
sistently between 1961+ (when sulfamylon was first used clinically) 
and 1968; the rise in mortality since then has not been due to 
reappearance of uncontrolled burn wound sepsis, but much of the 
increase may be due to a greater incidence of pneumonia. Altered 
bacterial flora may not be due to specific resistance to anti­
bacterial therapy; it may well be associated with e1 ltered patho­
gen population, reflect;ng those labile biological pr ocesses which 
control the microbial flora of species. Certainly an increase in 
positive blood cultures reflects an increase in sepsis, and when 
its cause is a previously obscure enteric organism of no patho­
genic reputation, the actun l causal mechanisms may not be recog­
nizable. Even exhaustive scrutiny of microbial parameters in the 
infected patient does not of necessity clarify the pathogenesis 
of lethal sepsis, but this avenue must be constantly explored in 
the hope that an etiological relationship may be recognized. 

This report is directed at t hree species which are part of 
the total flora but whose recent behavior prompts scrutiny. The 
remaining flora may well play a role not presently recognized, 
but viewing a whole population at once presents a picture of 
such complexity that it is unintelligible. 

Bacterial flora of Burn Patients 

C 1i n i ca l cu lt ur e res u 1 ts are s umma r i zed i n Ta b I e 1 • The pre -
dominant organisms were Staphylococcus aureus, Pseudomonas ~­
s.i_nosa, and Providencia stuartii. The Klebsiella-Enterobacter 
gr ,)up comprise at least three species; individual species rates 
were obviously lower. An interesting change from previous years 
was the marked drop in incidence of Proteus mirabilis. It is now 
an inconsequential part of the flora. 

Bacterial Flora of Postmortem Tissues 



t: -2 

T•bl e I, a. ter, o logy of Antemo rtem Burn P•t i ent s 

Source •nd N~er 
Wound C•th, To t•I 

Org•nism Surf•ce lllood . Seut..., Ur i ne Til! ll ioesx lsol•tes 

St•ph y lo 0 ,; 

Co• g. Pos i t i v• 120 i.1 119 i.2 )9 i.8 i.15 
Ca.g. Neg•t i ve i.1 , .. 110 69 )2 27 299 

Streptococci 
Alph• H-, 6 I 110 0 2 120 
llet • Ht!fflO * ) 0 18 0 0 22 
Non H....., 6 2 2) 2 l J7 

a.ci I lus sp. 18 7 7 79 )2 , .. 157 

Pseud01110n• 1 sp. 81 16 2lt0 1ts 29 39 i.50 

Kl•bs i•ll•-£nt•rob•ct•r 9P 70 6 18S 91 27 28 '407 

S•rr•t I• sp. ) JS .. s ) SI 

E. coli 2) 6 93 .... Zit 21 211 

Proteus sp. 
mi r,bi 11 s ,., 2 66 )8 8 2) 178 
r•ttger i ) 0 6 I 0 I " 1110rg•ni i 0 0 0 0 0 0 0 

I vulg•r i s 2 0 0 0 I I .. 
Prov idenci • sp ... 96 31 29S "7 89 65 69) 

MIN-Here I I• 9P• 0 2 0 0 .. 
Ne i sseri• sp. 0 i.o 0 0 0 ,., 
C•nd id• sp . B 7 17 II 7 39 5 19) 

Numbe r of spec imens )38 1671t 5)6 819 ltO I 165 

P•tients c ultured I JS 221 109 216 ,,., 72 

Tota l patient spec imens rec el ved: )9)) 

Tot• I is o l•te s: ) 29) 

* Wi t h two e xceptions , these str•ins were not group A by B•citracin sensiti vi ty, Most of 
them, on the b•s is of par•I lei cultur es, -re group D, primui ly Stree, !!£!.!.i!., 

'lrl, These •re •I most ent i re 1 y ~- stuutii on the biisis of p•r•I tel culture d•t•. 
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An obvious major source of information abou t burn pathogene­
sis is the bacteriology of wounds and of viscera at au t op s y. De ­
tailed autopsy bacteriology inc luding extensive quan t i t ative st udy 
of the wound ·is carried out (2). Results are surm1arized i n Tabl e 
2. Again, predominant flora included Staph. aureus and ,!:!" ovidenci a 
stuartii. Unlike previous years, the total of strains ot Pseudo­
monas isolated diminished in relation to the other two organi sms ; 
it is implied that invasive infection diminished, as far as 
Pseudomonas was concerned. 

Staphylococcus aureus: Its Role in Burn w:>und Pathogene s i s 

The role of Staph.aureus in the current status of burn 
patient infection has changed in the past three years. For a time, 
after the introduction of topical sulfamylon therapy, Staph. 
aureus appeared to have assumed a minor role in burns. It was 
ubiquitous, but the type distribution was heterogeneous and evi­
dence of a major pathogenic role was n0t seen. In the past two 
years (1969-1970) a higher incidence of Staph. aureus and a major 
change in severity of involvement have occurred. They have co­
incided with a change in phage type of strains from a heterogeneous 
to a homogeneous population. 

Phage Types of Staph. aureus from Burned Patients, ISR, 1970 

Monitoring of Stap\. aureus strains from burned patients has 
been carried on at this ~nstitute for a number of years to detect 
the emergence, if it occurs, of any lethal, antibiotic-resistant, 
epidemic strain. 

A resume of the more prevalent phage types, as well as 
monthly patient occurrence, during the years 1967 through 1969, 
is given in Table 3. 

Proceeding from the 1 ef t, the "Phage Type Code" ref er s to a 
specific phage type and has been employed as a convenient method 
of sorting strains and for easier reference, especially to lengthy 
phage types. Listed beside each Type Code is the specific phage 
type to which it refers. Each month of the year is listed; the 
figures underneath represent the number of patients having a 
particular phage type during that month. A heavy black block in­
dicates the most prevalent phage type during the month; a double 
line block, the secondary type; and a single line block, the 
third most common phage type. Listed in the next column are the 
number of patients having a particular phage type and the nl.lTlber 
of strains. This column is filled in only when two or more 
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hble 2. 8.cterio logy of Postmort.,, Burn P•tients, 1970 

0rg• n ism IIUL II LL LUl lll Liver Spleen Kidney Tissues Tot•I 
( )It) ()It) (28) ()2 ) (ltl) (ltsl ( I 0) (lt2)) Jsol;otes 

St•phylococci 
Co;og. Positive 10 II II 6 9 8 J 1 ltO 198 
Co.9. Neg•ti ve 6 8 8 10 9 11 J 1)6 191 

B•cillus sp, 2 0 2 2 J 0 81 91 

'seudo•onu sp. 6 9 7 9 6 7 0 ss 99 

llebslell•-Enterobecter 
9P II 12 12 12 I) 16 .. 98 178 

Serr•t I• 9P 0 0 J 17 2lt 

E, col I 7 6 .. s 6 s 0 lt6 83 

,rovidencl• stu.rlii 21 22 18 22 18 20 s 233 359 

,roteus 
•lr•bi lh 3 2 2 2 6 .. 2 3't ss 
rettgerl 0 0 0 0 0 0 0 2 2 
1110r,.ni I 0 0 0 0 0 0 0 0 0 
vulg.,h 0 0 0 0 0 0 0 0 0 

C•ndld• sp. J 2 2 3 2 28 lt2 r 
Streptococci 

Alph• helllo, 0 I 0 0 0 0 0 0 I 
Bet• hallo. 0 0 0 0 0 0 0 0 0 
Non h...,. 0 0 0 0 0 0 0 I I 

Neisseri• sp, 0 0 0 0 0 0 0 0 0 

H•fnh gp, 0 0 0 0 I• 

" im;o gp, 0 0 0 0 0 0 0 

Coryneb;octeri um sp. 0 0 0 0 0 0 2 J 

Tot•I isol•tes 1330 

P• t ents cultured: 62 
P;o t ent s posit ive: fl 
P•t ent s v i seer• c ultur ed: 53 
P•t ent s tissues cultured: 62 
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'ab l J •. Pr <'om in a n t t ..iph , aur u Pha g Ty p s 
I 67 - 168----=- 1- 6--

------- - -------- ·--- - ---------
Phaqe Mo nt h Pa ti '?nt ~ - tr u 1n s 
Type Ph a g Type 

F I MI A I MI --- 0 I N- 1 D 
- -

Code J J J A s Coch Type To t a I 

NT Non - typab l e 2 5 14 I ' ' ' lll.!. l 8 - 3 l 

J 2 42E . 53 1! 3 2 ' I 3- I 9 
~ 

B 2 52 , 52 A, 80 , 8 l ' ' 2 -4 

B 4 52,52 A, 80 2 ' ' ' ' 5 . 7 l 0 - l 5 

R 2 8 0 , 8 1 ' I ' 3-4 

' ·-
9 H 5 6 , 42( , 47 , 54 ~J 4 -1 0 

6 J ' 4 2E ' ' ' - 3 
7 J 4 42[ , 54 2 ' - 3 

J 8 42 [ , 5~ . <;4 , 77 ' ' 2 -4 

L ' 53 ' ' 2 - 2 

L 3 5 3 ,54 ' ' 2 - 2 

L 8 53 , 54 , 84 ' ' 2 - 2 

T ' 84 ' ' 2 - 2 

V ' 18 7 ' I 2 - 2 

To t J l ~at ie nt s - S tr ain s: 68-l21i - 95 

T l 01i 2 I~ I: Ii 2 I 7- 2 2 
T 2 81i,85 I 2 2 7-1 0 

~ i - 32 

·-
NT Non-t ypable 3 2 2 6 3 I Ii 20-29 -

I B 4 52 , 52A,80 3 3 2 6-11 
9 R ' 80 I I 2 -2 12 -1 9 

· 6 
8 R 2 80,81 2 3 5-6 --

S I 8 1 I I 2 3-4 
E I 3A 2 2 -2 
L ' 5 3 I ' 2 -2 

To tal Pa t ien t s-Stra i ns: 6 3-108 - 88 

---
T I 8li I 4 7 8 II 4 7 7 8 53 - 96 
T 2 81f ,8r; 2 3 7 8 8 8 5 7 46- 72 78-168 

-- .___ 
NT Non - typable 2 14 ~ 6 ~ 9 ~ 6 3 IJ 50. 70 

L I 5 3 I 4 2 ' I I 10- 10 
·-I A I 80 ' l • I 

9 A 2 80,81 ,m, I 7. 7 
8 - 8 

6 -
9 p 2 77,84 I I ' 2 I 6 -11 

p 3 77,84 ,85 2 2 -2 
7• I 3 

- ·-s I 81 3 I I I 6 -7 
p I 77 I 3 2 5 - 9 
L 2 53 . 77 2 ' I I 5 - 6 

To t a l Pa t ien ts - Strai n s: 141 -31i0 - 2 91 
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different phage types considered to be the same strain are en­
countered. For example, Phage Type Codes B-2, B-4, and R-2 in 
1967 are considered one strain and in 1968, Phage Type Codes 
T-1 and T-2 have been deemed to be the same although varying 
in reaction with phage 85. At the far right is the total patients 
and strains of a particular phage type or of combined types. 

1967 - During this year, 124 strains of Staph. aureus were 
collected from 68 patients during a ten-month period. 76.6% of 
the total strains are represented in thi~ listing. 

The most commonly occurring strains were nontypable: 18 
patients with 31 strains, the latter figure representing 25% of 
total strains. Second in prevalence were strains of phage type 
42E,53: 13 patients - 19 strains. This represented an additional 
15.1'/o of total strains. Twelve per cent of strains were of the 
next three listed phage types, assumed to be the same strain. 
Phage Type Code H-5 accounted for 8% of total strains. 60% of the 
total strains were in one of these four categories. The remaining 
types occurred in a much lower incidence as shown. 

1968 - During the year, 108 strains were recovered from 63 
patients":° No collection was made during a four-month period, July 
through October, and very little in November. 81.5% of the total 
strains are represented in this tabulation. The most prevalent 
strain encountered was of either phage type 84 or 84,85: 22 
patients - 32 strains. 29.6% of all strains fell into this cate­
gory. Next in frequency were the nontypable strains: 20 patients -
29 strains, the latter figure representing 26.8°/4 of total strains. 
17.6% of strains were of Type Codes B-4, R-1, or R-2 regarded to 
be the same. 74% of tota 1 strains fe 11 into one of these three 
categories. Nontypable and 52,52A,80; 80; and 80,81 types re­
mained prominent as in 1967; however, phage type 42E,53 disappeared 
and was replaced by strains of type 84 or 84,85 which became 
predominant. 

1969 - 340 strains of Staph. aureus were derived from 141 
burned patients during the year. No collection was made during 
the months of September and October. Phage types of 85.6% of 
total strains are summarized. Strains of phage types 84 and 84,85 
remained the most common: 78 patients - 168 strains. In fact, 
49.4% of all strains were of one of these phage types. Nontypable 
strains also remained prevalent accounting for 20.6% of total 
strains. 70% of the total strains fell into either of these cate­
gories. None of the remaining types accounted for more than 4% 
of total strains. 

t 
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In suntnary, during this three - year period, nontypable strains 
occurred in a high incidence in each year. During 1968 a t ype 84 
and 84,85, which had been seen in only two patients in 1967, be­
came established and became the most prevalent type during 1968 
and 1969. Strains of types 52,52A,80,81; 52,52A,80; 80; and 80,81 
were usually the t hird most prevalent strains recovered. Type 84 
and 84,85 were,of course, the new type originally described as 
UC-18, which became world-wide in distribution in this period. 

1970 - During the year,624 strains of Staph. aureus were re­
coveredfrom 169 patients. A suntnary of the predominant types in 
sequence as well as monthly patient occurrence is given in Table 
4. 

The designations have been mentioned previously; however, it 
should be stated that the number of patients listed in the last 
column is not obtained by merely adding the nllllber of patients 
from the previous column as in the case of nllllber of strains. A 
single patient may have several of the various types and while 
being counted each time as far as types are concerned, is counted 
only once in the last collllln. 

The predominant strain encountered consisted of a series of 
12 different phage types denoted by Phage Type Code Kin the 
left hand collllln. These strains had in canmon a reaction with 
phage 47, but varied in reaction with phages 54,75,84 and 85. The 
overall pattern was 47,54,75,84,85. With closer examination of 
multiple strains from individual patients, and observation of 
variability 1 it could be ascertained that these strains were in 
all probabi'li t. y indeed the same type. This phenomenon is com­
parable to that of strains of types 52,52A,80,81; 52,52A,80; 80; 
and 80,81, which are essentially 80,81 in category. The question 
as to whether they are really the same will continue to arise. 

The phage type most often seen in 1970 was 47,75,84,85 de­
noted by Phage Type Code K-5. It appeared in 56 patients - 131 
strains. 44% of the Phage Type Code 11 K11 strains were of this 
type. Strains of phage type 47,84,85 (Phage Type Code K-3) we r e 
next most frequent: 33 patients - 70 strains, and 23.6% of Phage 
Type Code 11 K11 strains of this type. The next three Phage Type 
Codes, K-2, K-23, and K-9 accounted for another 20% of th e strains; 
thus, 87.8"/4 of the 296 strains were of the first five listed 
phage types. The remaining seve~ types, of course, each occurred 
much less frequently. A total of 94 patients had one or more of 
these types with a total of 296 strains. 47% of all strains were 
of one of these phage types. 
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Listed next in order of incidence are strains of Phage Type 
Codes T-1, phage type 84, and T-2, phage type 84,85. Again, the 
question arises as to whether these two types were indeed the 
same strain. Sufficient duplication of variability within isolates 
from a single patient was seen so that it can be justifiably 
assumed that these were the same strain. Phage type 84 occurred 
more often than 84,85. Eighty-eight patients had 220 strains of 
either or both of these types, and 35% of total strains were of 
these phage types. 

Nontypable strains,which are part of every phage typed popu­
lation, were next in occurrence: 40 patients - 63 strains. This 
group accounted for 10% of total strains. 

Less often encountered were strains of Phage Type Code U-1 
or phage type 85. Whether this strain has any relationship to 
types 84 and 84,85 is doubtful on the basis of its occurrence in 
patients. It was not observed in combination with either of these 
types often enough to warrant inclusion. Only 2% of the total 
strains were of this type. 

95% of all strains fell into one of the four listed cate­
gories: Phage Type Code K types, T-1 or T-2, nontypable, or U-1. 
It is readily apparent that a survey of this years' strains repre­
sented an outbreak of epidemic proportions, as revealed by the 
restriction of 95% of strains to only four categories. 

The monthly occurrence of phage types based on total number 
of patients with each type allows us to observe the change in 
predominance of certain types, appearance or complete disappear­
ance of others. 

In January, strains of types 84, and 84,85 were the most 
prevalent. In February, Type Code K strains first appeared.Strains 
of type 84 were predominant followed closely by Phage Type Codes 
K-5 and K-3. From March through September, the Type Code K strains 
were predominant with 84 and 84,85 types second in incidence. In 
October, only two patients had strains of the Type Code K, and no 
strains of Type Code K were found in November and December. In­
stead, type 84 became the most comnon type during the last three 
months, with nontypable strains second in occurrence. The sudden 
appearance, predominance, and then the sudden disappearance of 
strains such as those of Type Code K is difficult to explain. 
However, the persistence of types 84 and 841 85 1 which obviously 
were decidedly pathogenic in terms of their effect on patients, 
merited categorizing as of major importance. 
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Some insight into the matter of the origin of particular 
phage types, and possible causes of the upsurge and persistence 
or di sappearance of types, can be gained by observing the phage 
types f strains recovered from admission contact cultures on 
pat ien t s at time of arrival at this Institute. From June through 
December, a collectio~ was made of some of the admission c,ontact 
strains. These findings are pre3ented in Table 5. 

Thirty-three strains from 27 patients having Staph. aureus 
on arrival comprised this collection. Twenty-four patients were 
Vietnam evacuees. 111 June, seven Vietnam patients had Staph.aureus 
on arrival. All had Type Code K-5, and in addi t ion, one each of 
Type Codes T-1, T-2 and nontypable. In July, t hree Vietnam evacuees 
had two Type Code K types, and 0-1 type and nontypable strains. 
On October 19 and November 16, all 10 Vietnam patients admitted 
had type 84 and no other type. Two patients from Alaska on Nov­
ember 29 had a type 84 and a nontypable strain on admission. In 
December, three of four Vietnam patients had phage type 84 , the 
other a nontypable strain. One non-Vietnam patient had Type Code 
B-14. From this information, it is apparent that the Phage Type 
Code K types were introduced in June and July by Vietnam evacuees. 
Suddenly, in October, there was a change-over in these patients 
to phage type 84. This change was reflected in our own burn ward 
flora. It is probable that many times the changes seen in the 
Institute of Surgical Research wards are reflections of drastic 
changes in the flora brought in by Vietnam admissions, or poten­
tially by CONUS admissions. 

Strains of Staph. aureus from blood cultures are of special 
interest. In previous years, the problem of ~taphylococc~l infec­
tion was regarded as under control, but in the past year and a 
half, these organisms have taken on a new and disturbing promi­
nence. During the year 1970, 100 strains were collected from 46 
patients. Twenty-one patients were from Vietnam; the remaining 
25 were of other origins. Twenty patients expired - five of the 
Vietnam admissions and 15 from other sources. Tabulation of these 
phage types is presented in Table 6. 

On the left is listed the patient number. The underline sig­
nifies that the patient expired. Next is listed the month, phage 
type code of the strain and number of strains of each patient, 
and finally, the total strains from each patient. 

The predominance of Phage Type Codes "K" and "T" was readily 
apparent. Thirty-two patients had 57 strains of Type Code Kand 
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22 patients had 40 strains of either type 84 or 84,85, or both. 
This parallels the incidence of these types from all sources. 
Only three strains were of types other than Type Codes Kor T. 
Type 84 was the predominant type observed: 17 patients - 31 
strains; phage type 84,85 was found in seven patients - nine 
strains. Phage Type Code K-5 was the predominant Type Code K 
found: 16 patients - 26 strains; and K-23 was second: 6 patients -
7 strains. 

Of the 20 patients who expired, nine had Type Code K types, 
six had "T" types and five had both. On the basis of this infor­
mation, the ability of either of these types to produce a fatal 
outcome must be regarded as closely comparable. 

It was evident that during the period of 1969 and 1970 a 
marked change in phage type of Staph. aureus occurred in th i s 
Institute. The local ward has an epidemic situation, which may 
well have been triggered by introduction of these strains from 
Vietnam returnees. Methicillin-resistance has been emphasized 
in this population, in another section of this report. Corrective 
measures, if they exist, have not as yet been discovered; the 
rapid spread of these strains does not augur well for removing 
them by a specific program. 

Providencia stuartii: Role in Burn Wounds 

The delineation of type identity, which made it possible to 
recognize specific changes in wound flora with successive years 
in the case of staphylococci and pseudomonads, is not yet readily 
achieved with Providencia stuartii, the other new problem organism 
in burn patients at this Institute. The species is clearly de­
lineated and its identification is unequivocal (3), but it has 
not yet become widely known. This may be due to l ack of interest 
in characterizing this erstwhile "paracolon" bacillus, although 
it cannot justifiably be so called any longer. A typing system 
was described by Ewing, Tanner and Dennard (4), but it had little 
occasion to be used, and the sera for the system will require 
renewal. 

It is of note that the spe~ies recovered in burn patients is 
still primarily P. stuartii. P. alcalifaciens can be detected in 
stools of normal-individuals but has not been recovered from burn 
wounds. Ewing (3) described the distribution of species as 85% 
alcalifaciens and 15% stuartii. 

The frequency with which!• stuartii was encountered in 
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clinical and autopsy samples is shown in Table 7. 

The incidence on surface cultures was over one-third of 
samples, and almost half the patients harbored the organism on 
the wound during their illness. 

Biopsy samples, which more clearly detect tissue involvement, 
yielded an even higher proportion of samples positive than did 
surface cultures, and 45.6% of patients biopsied harbored the 
organism in the tissue sample. 

Blood cultures were positive at some point in 14% of patients 
cultured. The large number of cultures minimized the meaning of 
the total positive samples. 

In view of the problem of pneumonia in burn patients, the 
incidence of P. stuartii in sputum and Luken's tube samples is 
of great interest. Fifty-five per cent of all sputa were positive, 
and 67.7% of the patients cultured harbored the organism in their 
sputiin at some point during their illness. This was an extremely 
high incidence of a coliform bacillus which has not been des­
cribed as associated with pulmonary sepsis in any significant 
degree. 

Urinary tract seeding was tower than might be expected for 
a gut organism. Twenty-eight per cent of the patients cultured 
had at least one positive urine culture. 

A significant source of sepsis in burn patients can arise 
from infected indwelling I.V. catheters. Culturing these catheter 
tips on removal is not an entirety reliable source of informatio11 
about the population of the tip; it is obvious that surface con­
tamination can reach the tip at its moment of withdrawal. The 
incidence of positive I.V. cannula tip cultures was, however, dis­
turbingly high; 27% of the patients cultured harbored P. stuartii 
on the tip at the time of its removal. 

Autopsy tissues were a remarkable source of positive P. 
stuartii. Eighty-five per cent of the tissue blocks cultured 
harbored the organism, and 75% of the patients with tissues cul­
tured harbored the organism. When the lung was scrutinized, the 
positive rate of samples was 20% lower thaA that of other tissues. 
But, 70% of the patients had P. stuartii in the lung at autopsy. 

Discussion 

There has been a marked ise in Staph. aureus infections in 

' 
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terms of positive cultures in the burn patient population since 
1968. This has been accompanied, and in fact preceded by, a shift 
of Staph. aureus flora from a heterogeneous flora with relatively 
wide spectrum of phage types, to a monotype flora, in which an 
initial type 47,54,75,84,85 pattern populated the burn ward, to 
be supplanted by a classic type 84 and 84,85 population. Admission 
contact culture data suggests that this change may have initially 
been introduced by Vietnam returnees, but the same types have been 
recovered on admission from CONUS patients. 

The Providencia stuartii picture is one of marked rise in in­
cidence of this supposedly inocuous enteric organism to a point 
where it is prominent on many wound surfaces and especially in 
sputa. At autopsy it is found to have colonized (? and invaded) 
burn wounds to a large extent, and it is especially conspicuous 
in autopsy lung samples. 

The microbiologic aspect of burn wounds has changed signifi­
cantly in the past two years. Although the control of Pseudomonas 
burn wound sepsis is stil 1 effected with topical therapy, the 
change is strongly implicated in the current rise in burn mortal­
ity. Further intensive study of these two organisms is projected. 
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ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BIOMEDICAL SCl [ ~CES 

REPORT TITLE: ORGAN AND SUBt ~LLULAR METABOLISM OF SULrAMYL~N AS 
USED IN THE TREATMENT OF BURN PATIENTS 

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

Period covered in this report: 1 July 1970 - 30 June 1971 

Investigator: George M. Helmkamp, Jr., CPT, MSC 

Reports Control Symbol MEDDH-288(R1) 

The metabolism of Sulfamylon or .e-aminomethylbenzene­
sulfonamide, a topical antibacterial agent employed in the 
routine treatment of burns, has been undertaken. In particular, 
the oxidation of Sulfamylon to .e-sulfamoylbenzaldehyde, a re­
action presumably catalyzed by monoamine oxidase, was examined 
in several tissues of the rat and human. The aldehyde product, 
.e-sulfamoylbenzaldehyde, was synthesized and characterized in 
order to establish reliable assay techniques. Although the 
monoamine oxidases from rat and human 1 iver mitochondria and 
human plasma exhibited normal activity toward benzylamine and 
other selected substrates, Sulfamylon was not oxidized. Rat 
plasma appeared to lack altogether a capacity to oxidize 
monoamines. 

Sulfamylon 
Metabolism 
Monoamine oxidase 
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ORGAN AND SUBCELLULAR METABOLISM OF SULFAMYLON AS 
USED "IN THE TREATMENT OF BURN PATIENTS 

The biological oxidation of Sulfamylon (£-aminomethylbenzene­
sulfonamide) to £-carboxybenzenesulfonamide was first reported 
in the 194O 1 s through the work of Blaschko and Duthie 1 and 
Hartles and Williams.2 In rabbits over 80% of ingested Sulfa­
mylon was recovered in the urine as the free acid.2 Furthermore, 
it was exceedingly difficult to maintain high concentrations 
of Sulfamylon in the blood of dogs and humans owing to its 
rapidoxidative deamination to £-carboxybenzenesulfonamide.3 More 
recently in this Institute similar experiments with dogs have 
confirmed these observations.4 On this basis the participation 
of two enzymes, monoamine oxldase and aldehyde oxidase or de­
hydrogenase, was proposed to account for the metabolic fate of 
Sulfamylon.2 The aldehyde, £-sulfamoylbenzaldehyde, was a pre­
sumed intermediate in the over-all reaction. 

It was therefore decided to undertake initially a study of 
the action of monoamine oxidase on £-aminomethylbenzenesulfonam ide. 
A review of the recent literature reveals a widespread distribu­
tion of monoamine oxidase in mammals (Table I). While this list 
ts by no means exhaustive, it does point to the primary role of 
the liver, or more specifically, the mitochondrial fraction of 
this organ, In the catabolism of amines. Plasma also appears 
to be a ready source of monoamine oxidase. In general, the en­
zymes are metalloprotetns and tolerate a wide variety of ali­
phatic and aromatic substrates. 

Table I also notes the instances in which Sulfamylon oxida­
tion was considered , Two of these, rabbit liverl and guinea pig 
ltver,5 followed the complete oxidation to £-carboxybenzene­
sulfonamide, while in the other the individual reactions were 
examined.6 Indeed, partially purified monoamine oxidase from 
beef plasma catalyzed the oxidation of £-aminomethylbenzene­
sulfonamide to £-Sulfamoylbenzaldehyde with a concurrent release 
of ammonia and hydrogen peroxide. Corresponding activities in 
various organs of the rat and human are the object of the present 
investigations. 

Materials and Methods 

I. Synthes ts of ~-sulfamoylbenzaldehyde 

The synthesis of £-Sulfamoylbenzaldehyde was accomplished 
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by controlled oxidation of .e..-toluenesulfonyl chloride with 
chromium trioxide in a mixture of acetic anhydride and sulfuric 
acid, followed by formation of the amide and hydrolysis of the 
benzal diacetate.7,8 Crude product was further purified by 
formation, crystallization, and subsequent hydrolysig of its 
aniline Schiff base, E,-sulfamoylbenzylidene aniline. The 
desired compound was then crystallized from hot water to give 
essential I~ colorless needles with a melting point (uncorrected) 
of 121-123 ; reported m.p. 122; 7 123-124•, 8 122-124 •. 9 The 

• thiosemicarbazon~ Jerivative melted at 229-230 ; reported m.p. 
230-231•,7 227•.ij Ultraviolet absorption of an aqueous solution 
showed~ max 249 nm, e: 1.64 x104; a broad, low-intensity 
shoulder appeared in the 280-300 nm region. 

Examination of the aldehyde by thin layer chromatography 
in vapor-saturated tanks showed the material to be free of 
contaminants. In addition, its migration was compared with the 
corresponding amine and acid; the solvent systems employed and 
results are summarized in Table 2. As the silica gel plates con­
tained fluorescent indicator, visualization of the compounds was 
achieved with a mercury lamp (254 nm). Alternatively the plates 
were sprayed first with !-butylhypochlorite and then with 
starch-iodide reagent to yield blue spots on a white background. 

I I. Fluorescent properties of E,-sulfamoylbenz~ldehyde 

The fluorescent characteristics of E,-sulfamoylbenzaldehyde 
were studied with an Aminco-Bowman spectrophotofluorometer equipped 
with a Varian X-Y recorder. lri 90% sulfuric acid the excitation 
and fluorescence spectra had maxima at 335 nm and 450 nm respec­
tively. Furthermore, in the presence of equal quantities of£­
aminomethylbenzenesulfonamide or £-carboxybenzenesulfonamide, 
the fluorescence was virtually unquenched. Finally, if excitation 
is performed at 290 nm, the fluorescence of both the acid and 
the aldehyde may be observed, the former at 360 nm. In this case 
a reasonably linear concentration dependence of the aldehyde 
fluorescence results. 

II I. Extractability of £-sulfamoylbenzaldehyde 

From buffered or .unbuffered aqueous media, £-sulfamoylbenzal ­
dehyde could be extracted into two or three volumes of water­
saturated diethyl ether or ~-butanol. Less than 10% of the al­
dehyde remained in the aqueous phase, while, more importantly, 
greater than 90% of £-aminomethylbenzenesulfonamide was retained 
by the water layer under identical conditions. These two compounds 
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can easily be distinguished by the ir aqueous ultraviolet spectra : 
amine ~max 220 nm, £ = 1.24x104; aldehyde A max 249 nm,£ = 1.64x104. 

IV. Monoamine oxidase assay procedures 

Several spectrophotometric methods were used to assay crude 
and partially purified enzyme preparations. With benzylamine as 
substrate, product released could be monitored directly at 249 
nm or quantitatively extracted into cyclohexane and measured at 
242 nm.10 Other oxidizable amines included kynuramine (2-(2-
aminobenzoyl)ethylamine), followed at 360 nm,11 and 2-dimethy l­
aminobenzylam i he, followed at 355 nm. 12 The last two substra tes 
offer the advantages of larger extinction coefficients and ab­
sorption maxima in a region distinct from typical protein 
absorptions. 

When .e-aminomethylbenzenesulfonamide was used as substrate, 
the assays were usually performed in potassium phosphate buffers 
of pH 7.2 or 7.6 at 30 or 37•. The product aldehyde was measured 
directly at 249 nm or, if first extracted into ~-butanol, at 
251 nm. •n some cases aliquots of the deproteinized reac t ion 
mixture were analyzed in the spectrophotofluorometer. 

Results 

I. Rat plasma 

Plasma was prepared froin heparinized whole blood obtained 
by heart puncture. Using benzylamine or 2-dimethylaminobenzyl­
amine as substrates and up to 2 ml of plasma in a total volume 
of 3 ml, no monoamine oxidase activity could be demonstrated. 
Neither whole blood nor washed red cells were active. 

I I • Rat 1 i ve r 

Fresh rat livers were homogenized in -,otassium phosphate­
buffered sucrose according to Dr. F.J. Rui ' cka. After an initial 
centrifugation to remove cell debris and fJt droplets, a mito­
chondrial pellet was obtained. The latter was washed several 
times in sucrose, resuspended in buffer, and frozen at -70°. 
The mitochondrial content of the preparation was verified by the 
difference spectrum of oxidized and reduced samples, in which the 
characteristic cytochrome absorptions were apparent. 

Separation and purification of the metochondria resulted in 
over an 8-fold increase in benzylamine oxidizing activity 
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compared with the crude homogenate. In most spectrophoto­
me tric assays it was necessary to add a small amount of deter­
ge~t in order to solubi 1 ize and clarify the mitochondrial sus­
pension. Up to a weight ratio of about 1, enzyme activity re­
mained relatively constant; however at higher ratios of sodium 
deoxycholate to mitochondria the activity decreased 
significantly. 

In Table 3 are depicted the results of a variety of sub­
strates for rat liver mitochondrial monoamine oxidase. It is 
immediately obvious that the unsubstituted benzylamine is the 
most active substrate; introduction of other functional groups 
on the aromatic ring greatly reduces the oxidation of the amino­
methyl moiety and in the case of E-aminomethy1benzenesu1fona­
mide, there is no activity what.oever. 

Ill. Human plasma 

Samples of plasma obtained from the clinical chemistry 
section were shown to have considerable monoamine oxidase ac­
tivity with benzylamine as substrate. It was therefore desirable 
to prepare a partially purified enzyme of higher specific ac­
tivity. This was in fact accomplished by the method of McEwen.13 
After ethanol fractionation, stepwise ammonium sulfate cuts were 
isolated and dialyzed. Only the 45-60% saturated fraction con­
tained monoamine oxidase. At this stage the specific activity 
was 0.34 nmote/min/mg protein, comparing favorably with the 
value of 0.68 reported previously.13 Over-all purification 
was about 20-fold. Against 2-aminomethylbenzenesulfonamide and 
E-dimethylaminobenzylamine the partially purified plasma enzyme 
showed no activity. Kynuramine has been shown to be an active 
substrate,13 but it was not examined in these experiments. 

IV. Human 1 iver 

A 27-gram specimen of liver was procured at autopsy from a 
burned patient approximately six hours pott mortem. Mitochondria 
were prepared according to McEwen et a1.l The twice-washed 

. -- . 
material was resuspended in buffer and stored at -70. Half of 
this suspension was thawed and treated with Triton X-100 at a 
final concentration of 1.5 g/100 ml. Nearly al 1 the activity 
remained in the 27,000xg supernatant. Amnonium sulfate was then 
added to 45% saturation. Upon centrifugation at 20,000xg, a 
bright yellow gelatinous material was observed floating on the 
1 iquid surface; there was no precipitate. The gel was redis­
solved in phosphate buffer and found to contain greater than 

I 
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99% of the original benzylamine oxidase activity. 
night dialysis led to a 55% loss of this activity • 

• at -20 was about two months. 

However, over­
The half- l i fe 

The remainder of the mitochondrial suspension was ultrasoni­
cally disrupted (140 watts, 20 MHz) in the presence of benzyla­
mine. Despite cooling in ice the temperature of the solution 
rose to 29• and sonication was discontinued after 30 minutes. 
The solution was next brought to 1% (w/v) in sodium cholate 
and centrifuged at 37,000xg. At this point most of the activity 
had been lost, and what little remained (rlo) was associated with 
the supernatant fraction. 

Attempts to demonstrate oxidase activity toward £-aminomethyl­
benzenesulfonamide were fruitless and fraught with experimental 
difficulties. Following incubation with the solubilized en-
zyme, extraction of the putative aldehyde was complicated by 
high concentrations of the detergent Triton ~-100, whose ab­
sorption was too intense for quantitative spectroscopic analysis 
of the product. Nevertheless, no aldehyde appeared to be 
present. In an assay utilizing 14c-Sulfamylon less than 1% of 
the radioactivity was extractable into ether, and when this 
material was chromatographed on silica gel thin layers, there 
was no significant radioactivity coincident with authentic 
e-sulfamoylbenzaldehyde. In this case, too, Tritu~ X-100 in­
terfered by causing some streaking on the thin layer plates. 

Discussion 

Despite detailed analysis of four potentially rich enzyme 
sources, namely, rat plasma, rat liver, human plasma, and human 
liver, catalysis of the oxidation of £-aminomethylbenzene­
sulfonamide to the corresponding aldehyde could not be detected. 
Indeed, of the above systems, only one, rat plasma, was completely 
devoid of monoamine oxidase activity as measured by the benzylamine­
benzaldehyde conversion. The others exhibited activity in varying 
degrees toward benzylamine, 2-dimethylaminobenzylamine, and ky­
nuramine. Monoamine oxidases from human plasma and human 1 iver 
mitochondria were partially purified in order to concentrate 
their activities. However, Sulfamylon ·remained unoxidized. With 
the liver enzyme there were particular problems arising from the 
use of Triton X-100 as a solubil izing agent. The detergent com­
plicated the chromatographic and spectrophotometric analysis of 
£_-sulfamoylbenzaldehyde. Thus, it is still quite possible that 
a Sulfamylon oxidizing activity is present, but so far undetected 
in human 1 iver. In any event, one must eventually account for 

t 
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the rapid appearance of the Sulfamylon metabolite, £-Carboxy­
benzenesulfonamide, in the blood and urine of rats and humans 
treated with the drug. The participation of other organs, 
such as the kidney and the intestine, cannot be disregarded. 
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23. (U) To compare the effects of prophylactic treatment of burned ears of Carbenici I tin 
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of chondritis. 

24. (U) This double-blind study was designed so that successive patients with burns of 
the ears received topical treatment with one of the four modalities mentioned above or 
no treatment (contro 1 s). The end point of the study was the development of chondritis, 
or complete hea tin _~ of the ear. 
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study has been terminated and no conclusions drawn. 

• .. ••ll•bl• 10 cont,ecto,e .,- on•-•to,., •--.. , 

DD•~•• 1498 PIIIIC V IOUS EOITION9 0(1r THl9 ~O"M A"E 0 • 90LETll , DD ~o•M• ••na . I NOV II 
ANO t •tl• t , 1 MAR 81 l (lrOIIII ARMY USEI .... O • IOLIET • . 



, 

10- i 

FINAL REPORT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: PREVENTION OF CHONDRITIS OF THE EARS 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SAM HOUSTON, TEXAS 78234 

1 July 1970 - 30 June 1971 

Investigators: 

Andrew M. Munster, M.C., LTC, MC 
Mor~is J. Asch, M.D., LTC, MC 
Paul Silverstein, M.D., MAJ, MC 

Reports Control Symbol MEDDH-288(Rl) 

UNCLASSIFIED 



10- ii 

ABSTRACT 

PROJECT NO. 3A061102971R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: PREVENTION OF CHONDRITIS OF THE EARS 

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

Period covered in this report: 1 July 1970 - 30 June 1971 

Investigators: Andrew M. Munster, M.D., LTC, MC 
Morris J. Asch, M.D., LTC, MC 
Paul Silverstein, M.D., MAJ, MC 

Reports Control Symbol MEDDH-288(R1) 

In this study, difficulties were encountered in generating 
enough patients suitable for inclusion to render this study 
statistically significant. As the study was designed to focus 
on patients admitted early postburn with burns of the ears, 
and who were followed for long enough to allow either complete 
healing of the ear or the development of chondritis, and as the 
experimental design included four groups of patients to be treated 
with Sulfamylon cream or Sulfamylon soaks, carbenicill in cream 
or carbenicillin soaks, it was found that to generdte a statis­
tically sufficient number of patients to justify continuation 
of this study, at least several years would be involved. The 
~election of patients, the division of the patients into four 
groups, the procurement and labelling of the compounds to be 
used, and the regular evaluation of the results involved logis­
tical work of considerable proportions. It was considered by the 
investigators that the numb~r of patients who could enter the study 
was insufficient to warrant continuation of this particular study. 
This study has therefore been terminated and no conclusions made. 

Ears 
Chondri tis 

' 
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23. (U) To study the effect of the presence and duration of an indwelling urethral 
catheter on the incidence of urinary tract infections. To assess the relation, if any, 
between organisms in the urinary tract and in the blood stream. 

24. (U) Blood and urine cultures will be ob-tained at time of catheterization, 48 hours, 
one, two, four and eight weeks postburn. 

25. (U) 70 07 - 71 07 Thirty-four patients have been en t ered in this study since May 
1969. When complete information has been obtained on patients still hospitalized, data 
will be tabulated and analyzed • 
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This study is designed to permit a prospective examiration 
of the incidence of urinary tract infections in burned patients. 
A urinary tract infection will be defined as the presence of a 
number of organisms equal to or greater than 105 organisms per 
cc of urine. Of particular interest is the effect of the 
presence and duration of an indwelling urethral catheter on the 
incidence of urinary tract infections, the possibility of a 
correlation between organisms found In t he urinary tract and on 
the surface nf the burn or in the blood stream, and the incidence 
of persisting urinary tract infections at the time of discharge 
of patients from the hospital. 

All male patients between the ages of 15 and 45 admitted to the 
Institute of Surgical Research within 48 hours of burn with or 
requ1r1ng an indwelling urethral catheter, have been and will 
be entered in this series. All patients accepted Into t his 
study will have urine and blood cultures on admission. Subse­
quent urine and blood cultures will be obtained at 48 hours one 
week, two weeks, four weeks· and at eight weeks following the 
burn. All positive urine cultures will be repeated to verify 
their accuracy. 

At the time of this report, 34 patients have been entered in 
this series. Complete information has not yet been obtained on 



1 1 - i i i 

al 1 pati ents, as studies are sti 11 in progress on the indi­
viduals most recently entered in the study. Because of the 
small number of patients on whom complete information is 
available, firm conclusions based upon tabulation of available 
data at this time are unwarranted. It would appear, however, 
that the majority of patients who have developed significant 
urinary tract infections have not done so until some time 
during the second week postburn, and then only with the con­
tinued presence of an indwelling urethral catheter. The 
possibility of a correlation between organisms in the urinary 
tract and in the blood stream appears likely, though based 
on available information ,t is not possible to determine the 
sequence in which these materials have become infected and 
if there is cross-infection between the two sites. To date, 
only three patients have had persistent bacteriuria at time 
of discharge from the hospital, although all had colony 
counts of less than 105 organisms per cubic centimeter. 

Bae te r i u r i a 
Urinary Tract Infection 

I 
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From 49 patients 117 strains of Serratia marcessens were re ­
covered and phagetyped from burns in 1970. Incidence was episodi c , 
as was seeding of the burn ward. Both CONUS and Vietnam patients 
were shown to be capable of seeding the burn ward. Predominant 
types exist; in this period, a long established type, 5,7,9, 11,1 , 
18 continued to predominate. Type 15 was the next most common. A 
third type, distinct in identity, was 5,7,9,15,18. This latter 
type was less persistent than the other two. All types were cap­
able of seeding nebulizer reservoirs, and in view of current 
heightened concern over pneumonia in burn patients, this vector 
path merited close attention. The same type was found in Lukens 
culture and in reservoirs; contamination could proceed in both 
directions. The persistence of S.marcessens in lung tissue when 
it had been cleared from sputum-was demonstrated. 

Burns 
Serratia marcessen~ 
Phagetyping 
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BACTERIOPHAGE TYPES OF SERRATIA MARCESSENS FR~ 
BURN WOUNDS 

The Enterobactedaceae family includes He major part of the 
burn wound flora,(1),and in recent years contr ~J of burn wound 
sepsis with topical chemotherapy has, if anything, increased the 
incidence of coliform bacteria on burns by reducing the incidence 
of the more susceptible pseudomonads (2). Serratia marcessens 
has been observed in burn wounds and has, indeed, appeared to 
cause invasive sepsis in burns on rare occasions. Its record as 
an opportunistic invader has prompted more detailed scrutiny of 
its behavior as part of the burn wound flora. Since it is an or­
ganism essentially refractory to antibiotics, it can present a 
major problem when it produces sepsis. 

Methods 

§_. marcessens is the on1y member of the genus co11100n1y en­
countered (3). Although it classica11y produces a brick-red pig­
ment, at )east half of the isolates are non-pigmented, and non- . 
pigmented variants are conmon. Its differentiation from other 
Enterobacteriaceae involves gelatin liquefaction, lysine and 
ormithine decarboxylase, arginine dihydrolase, and arabinose and 
adamitol fermentation at the least. Rhaminose and raffinose fer­
mentation may be needed when gelatin liquefying Enterobacter 
cloacae must be differentiated. 

The bacteriophage system used for differentiating types was 
developed in this laboratory, using classic isolation procedures 
from sewage effluent. The procedures follow those described by 
Adams (4). The system involved selection of seven phages, with 
which virtually all strains can be differentiated. As a check on 
specificity, 30 strains of K1ebsiella, Enterobacter and Provi­
dencia were tested against the typing set. No lysis occurred with 
any strain of these coliforms. 

Results 

from 49 patients, 117 strains of s. marcessens were recovered 
during 1970. The incidence was sporadic. On several occasions, 
flurries of S. marcessens appeared to drift through the burn ward 
following arrival of patients from Vietnam who were harboring the 
organism. Twenty-five different phage patterns were recognized, 
plus eight isolates which could not be typed. This represents a 
6.7% nontypable rate, which reflects a high 1eve1 of sensitivity 
for the. typing system. In 1969, the nontypable rate was 6.0%. 
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The phage patterns distinguished are set down in Table 1. 
The type designations are set down in ascending numerical order; 
this arbitrary sequence permits recognition and organization of 
the phage types. There were nine types that occurred only once; 
six more were seen twice. This diversity of type pattern is 
characteristic of sensitive phage typing systems. 

Predominant types included three with a probable fourth 
closely related type. 5,7,9,11,15,18 was the most common type; it 
is probable that 5,7,9,15,18 is a variant of this type. 5,7,9,11, 
15,18 was the numerically predominant type in 1969 as well. Type 
IS was the second most common type in 1970. 

A comparison of predominant types is presented in Table 2. 
The predominant type S,7,9,11,15,18 has been a major feature of 
the species every year since 1968. It has been recovered from 
wound surfaces, on admission and later, from amputation stumps, 
from sputum and Lukens tube aspirates and from ultrasonic nebu­
lizer devices. It has also been recovered from autopsy tissues, 
including liver and lung. 

The distribution during 1970 of three predominant types: 5, 
7,9,11,15,18; 5,7,9,15,18, and 15 is presented in Table 3. The 
most comnon type, 5,7,9,11,15,18 occurred on wounds in seven out 
of 10 patients; in sputum (Lukens tube) in one; in urine in one; 
in autopsy tissues in two; and in water reservoirs of nebulizers 
in two patients. One of these harbored the organism in sputum as 
well. Type 5,7,9,15,18 was never as persistent as was the previous 
type. It appeared in eight patients over an eight-month period; 
in one of these, it was recovered from two samples of tissue 
obtained at autopsy. The remaining seven patients had one Lukens 
tube and six burn surfaces positive. 

Phagetype 15 was also recovered from eight patients. In one, 
Nr. 63, it was involved in thrombophlebitis, since it was recovered 
from the i.v. tip and from two vein excisions. One Lukens tube 
sample was positive and the remaining six patients had the organ­
ism on the burn wound. The distribution of the latter two types 
was scattered and episodic; seldom did it appear on successive 
cultures. Type 5,7,9,11,15,18 is far more prone to persist and 
be seen repeatedly on a given patient. 

Persistence of a single type or seeding with a succession of 
strains has direct bearing on the clinical significance of Serratia. 
If it is a fortuitous contaminant, then it would be expected that 
different types might · appear on a patient as he remained in the 

' 
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Table 1 • 

Phage Types of Serra t ia marcesscens 
Recovered from 4 3 6ur n Pat1ents 

Phage Type tJumber tJumber 
of o f 

Patients Iso l a tes 

3 1 2 
3,5,7,18 2 2 
~.5,7,15,18 1 1 
3,5,7,g,15,18 1 2 
3 ,7 1 1 
3,7,11,15 1 l 

5,7 1 1 
5,7,11 1 1 
5,7,18 2 2 
5,7,g,11 1 1 
5,7, .. ~,15,18 8 9 
5,7,9,11,15,16 10 29 
5,7,11,15,18 2 2 
5,~.15,18 1 1 
5,9,11,15,18 1 1 

7, 1 5 3 3 
7, 18 1 6 
7,9,15 1 5 

9,15,18 2 2 

1 1 2 5 
11, 1 5 1 6 
11 , 1 8 1 1 

l 
1 5 8 1 3 
1 5, 1 8 3 5 

I 18 5 7 
• 
I Nontyoable 

i 
7 8 



12 .. 4 

Table 2. 

Comparsion of Yearly Predominant Phage Types 

Type No.Patients No. Isolates 

5, 7, 9, 1 1 , 1 5 , 18• 10 29 

1971 5,7,9,15,18 8 9 

15 8 1 3 

* 5,7,9,11,15,18 10 19 

5,7, J ,15,18 4 4 
1970 

7,9,15 7 5 

15 5 5 

* 5,7,9,11,15,18 7 18 

1969 
5,7,15 7 7 ' 1 ·1 , 1 5 7 16 

15 8 16 

3,5,7,9,11,15,18 6 8 

~.5,7,11,15 5 21 

1968 <,5,7,11,15,18 5 7 

* ~.7,J,11,1 5 ,18 12 21 

11 5 5 

* Note that this type was among predominant each year. 
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hospital, presuming that concurrent sources of contamination existed. 

Table 4 presents the detailed sequence of infection in 13 
patients who had more than one type recovered. These occurred 
from February through December. Patient 30 had one type on admis­
sion; a month later he exhibited another type, 7,9,15 at autopsy. 
Between these times Serratia was not seen in numerous cultures, 
including t hose of wounds, sputum and blood. The predominant or­
ganism in Hound tissues was Providencia stuartii. Patient 49 had 
type 5,7,9,11,15,18 on the burn on admission; he died two days 
later with a pulmonary embolism. The admission type was found in 
liver and lung ; but another type, 5,7,9,11 was found in the burn 
wound. 

Pati ent 96 harbored three types: an 11,18 on admission and 
later in urine, Luken! tube and i.v. tip; a type 18 on a later 
urine cul ure; and a 5,7,9,15,18 in sputum later. 

Int e case of three patients, their nebulizer water reser­
voirs were positive. In Nr. 189, the same type was found in spu­
tum, pri or to the positive nebulizer culture. In the second, the 
Luken! t ube culture was positive before the nebulizer culture. 
In a third, three types were found at once; a 15 in the Lukens 
tube culture and the nebulizer culture; a 3,5,7,18 in the Lukens 
culture; and a third type in the reservoir culture only. In Nr. 
322, two different types were recovered from separate lung autopsy 
samples. 

The diverse identity of Serratia types implies more an inter­
mittent seeding with an opportunistic colonizing organism, rather 
than a specific pathogen, able to predominate in a susceptible 
host. It is pertine~t to note that in none of these patients with 
multiple types was a blood stream isolate recorded. This does not, 
of course, negate that a role in sepsis is played by Serratia. 
The postmortem visceral samples indicate that bacteremia may very 
well occur with Serratia, but it was not detected in clinical 
cultures. 

There were 17 out of the 49 patients positive for Serratia 
who came from Vietnam. The diminished tempo of the war was re­
flected in this minority of all positives; there were 32 patients 
from CONUS who were positive. In the previous two years, the 
major part of Serratia carriers were from Vietnam. Table 5 sum­
marizes this Vietnam group. Eighteen of the soldiers had positive 
cultures on admission but never exhibited the species again. Nine 
were negative on admission but later yielded a positive culture. 

' 
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Tabl e Ii, Se•ratia Phaqe Types i n Patie nt s with Multiple Ty pes 

Patient Adm. Phage Type Date Source 
No , Date 

5 , 9 , 15, I II 2 -2 R ,Arm 
PM TI ss ue 9 

30 2 -2 PM r; ss ue 10 
7,9, 15 3·3 PM Ti ssue 11 

PM Sp lee n 
F PM Liver -E 2 -2 3 Th i gh 
8 li9 2-23 

5 ,7, '1 ,11,1 5 ,1 8 PM Li '-'e r 
2 - 2 5 PM RUL 

5, 7, 9 , II PM Ti ss ue 9 

57 2 -2 3 
7 15 2 -2 3 Thloh 
5,7 2 -21i Head 

5 ,7 ,9 ,15,18 4-2 5 Lu kens 

4-20 R . Ca If 
A A. Thi gh 
p 96 4-20 II, 18 4-21i Urine 
A Lu ke n s 

4-25 
I, V, tip 
Lukens 

I 8 4-30 Fo l e y I ip 

18 
Ar in 
Ar m 

J 6-8 Arm u 141 6-8 
15 Arm N 

6·- 14 
L.U p . Thi gh 

5 7 , 9 1 I 5 1 I ti - L.U p .Th iqh 
7-14 Lukens 

11 8-3 Nebu Ii ze r water 
Nebul izer water 189 7 . 1 3 

11-lt Neb u I I ,er water 

NT 
8-3 Nebu I I zer water 
8-li N<!bu I i zer water 
7-1 7 Lukens 
7-21 Urine 

J 7-22 Lukens 
u 5,7, 9, II, 15, 18 7•25 Lukens 
L 191 7-1 3 7-2 7 Lukens 

8-7 Lukens 

- Nebu I izer water 
Nebul izer water 

15 8-li Nebu1 Lrer water 

7·2 7 Arm 

5,7,9,11, 15,18 Arm 
200 7-2 7 7-31 L,Leg 

11·5 . 
5, 7, 18 7·31 L.Leg 

15 Nebul I zer ••ter 
Lukens • 

261o 10-9 3,5, 7, 18 10.15 
Lukens 

0 5,7,9,11,15,18 Nebul f zer water C 
3,7 10-17 Leos T 

3,7,11,15 
10-15 

Lukens 
26 7 10-1 3 3, 5, 7, 1 I! Lukens 

7, 15 12-2 Tracheal ring 

~ 288 11 -16 
5, 9 ,11,15,18 

11-1 7 Sh i r, V 15 

311i 12 0 lli 
5,7,9,15,18 

12-1 Ii 
Thigh 

9, 15, 11! Arm -
D 5, 7, 18 PM ALL 

E PM LLL 
C PM LUL 

322 12 -1 7 7, 18 12-21 PM AUL 
PM T ist.ue 3 
PM Tlnue " NT PM ALL . -
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hble S 
SURVEY OF S[ RRATIA PHAGE TYPES FROM Vl[T NAM ADMI SSIONS 

Ad mis s i on p ti c nt Ad'll i ~s i 'Jn Cu l tu r es Sub sequent Cu l tur e s 
Da t e Nri . Phac,e Type So ur ce Pha ge Type So urce 

1 • 5 - 70 8 5,7, J ,11,15,18 5 , 7 , ') ,11,1 5, 18 
l ,ttiigh 

Thigh R,t hig h 
L.stump 

PM T 1 ssue !J, 
2 -2 • 7C 30 7, 9 , 15 10,11 ; Spleen, 

Liver 

4 9 
5 , 7 , 9 ,11 PM Tissue 9 

2 -2 J · 7D 5,7, 'J ,11,15,18 Li ver; RUL 

57 5,7 Head 
R, gr oi n vein 

3. 9 . 7D 63 15 R.ankle vein 
I,V, t i p 

67 15 L .arm 
3- 23 - 70 79 15 Shin 
4 - 6 - 70 87 18 Lukens 

103 18 Leg 

4-20-70 II, 15 Lukens; Ur lne 

96 II, 15 R . calf, J,V,tlp 
thigh 5,7,9,15,18 Lukens 

18 Foley tip 

141 18 Arm 18 L.Up.thtgh 
6 -8-70 15 Arm 5,7,9,15,18 L ,Up.thigh 

150 15 Arm ' 7-1 3-7D 
187 5, 7, 11 Thigh 
190 5,7, 9 ,15,18 PM Tissue 1,2 

7-1 7- 70 193 7, 15 L, leg 
196 15, 18 Thiah 

200 5,7,9,11 , 15,18 Arm 5,7,9,11,15,18 L. leg 
7-2 7- 70 5,7,18 L, leg 

201 5,7, 9 ,11,15,18 Arm 5,7,9,11,15 L,arm 
202 3,5,7,15,18 Thigh 
21 7 5, 7,9, I 5, ltl L,Up,arm 

8-1 I -70 218 - -- ,s.-,8 L,alf -----
219 5,7,9,15,18 - ---sack---

9- 7- 70 245 15 
---------- - - ---Abdomen 

9-28-70 256 5,7,9,15,18 R.forearm ·-- -
2 72 5,7,'l,11,15,18 ------ - ··- ------

10-19-70 ~ 
Arm ------- - ·-274 5,7,9,15,18 L .arm 

28li -- 5, 7, 1, , 5 , re Chest ---------
I I -16-70 128°8 5,9,11,15,fS- .._ _ Shin --

5,7,9,15,18 Thtgh - -- -----
314 9, 15, 18 Arm 

-~ 
12- 14-70 

J 15 
-Iii _____ - --

L. leg 
31 7 II, 18 Thi ah 
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In five cases they were positive on admission and later. These 
latter exhibited the same type on admission and later, although 
in three instances there were later strains of different type as 
well. Incoming positives included 12 different types, although the 
predominant 5,7,9,11,15,18 was present in four. The later posi­
tives included 11 types. None of the three patients who had posi­
tive postmortem cultures had been positive on admission. The types 
present later in the patients illness were in large part related 
to the 5,7,9, 11,15,18 pattern. 

Discussion 

Serratia marcessens is shown in this series to occur in burn 
patients originating in CONUS as wel 1 as those rece i ved from 
Vietnam. The persistence of a few dominant types, with a periphery 
of types which are seen only once or twice in a year is indicated. 
The typing system adequately differentiated types; whether the 
more common types can be differentiated into invading and coloni­
zing types remains to be revealed with further study. The tissue 
predelection of this species has been emphasized by this study. 
Its movement through the ward is consistent with its being trans­
ported by the personnel attending the burn patients. The potential 
for epidemic spread of this species exists; continued observations 
are in order. 
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ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: STUDIES ON OCCURRENCE AND SIGNIFICANCE OF FUNGI 
IN BURN WOUNDS--DEVELOPMENT OF LABORATORY MODEL 

US Army Institute of Surgical Research, Brooke Army Medical 
Center, Fort Sam Houston, Texa5 78234 

Period covered in this report: 1 July 1970 - 30 June 1971 

Investigators: Harold M. Bruck, LTC, MC 
F. Daniel Foley, M.D. 
Robert B. Lindberg, Ph.D. 

i\eports Control Symbol MEDDH-288(R1) 

Fungal burn wound infection has continued to occur in 3% 
of our burn population. Invasive infection of the burn wound 
with Phycomycetes and Aspergillus sp is attended by a 50% 
mortality. Twenty-seven per cent of patients with fungal burn 
wound invasion demonstrate visceral dissemination. Forty rats 
burned and seeded with a spore suspension of Rhizopus sp 
developed inconstant and only superficial wound invasion with­
out visceral dissen ination. In contrast, 103 burned rats pre­
treated with alloxa developed consistent deep invasive infec­
tion of burn wounds when seeded with Rhizopus spores with fre­
quent direct extension of infection through the entire rat 
back into abdominal viscera. Deep infection in these animals 
was accompanied by extensive tissue necrosis. Hematogenous 
spread to one or more visceral organs was noted in 36% of the 
alloxan diabetic animals. The pat~ologic features noted in 
t he diabe tic rats closely parallel those seen in the human 
hos t. 

In fection in these animals was monitored by histologic 
sect iors o f t he burn wound, liver, spleen and kidney. The 
in fec t in g organisms was recovered on culture in each experi­
ment and a fre sh growth of the recovered organism was used 
t o in fect succeed ing animals, thereby fulfilling Koch's 
postu lates. 

Al though th is Rhizopus sp was shown to b~ sensitive 
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to nystatin _i..!l vitro, topical treatment of the burn wound 
with nystatin either alone or in combination with mafenide, 
failed to eradicate wound infection and to prevent vas­
cular invasion and systemic dissemination, whether treat­
ment was begun 24 hours after, 6 hours after, 1.5 hours 
after or 1.5 hours before seeding of the burn wound. 
Therefore, wt.ile this model is satisfactory for reproduc­
ing the pathologic features of fungal burn wound invasion, 
it does not appear to be satisfactory for the assessment 
of topical antifungal therapy. 

Additional studies are needed and are underway to 
elucidate the mechanisms of increased host susceptibility 
to fungal ~fection in the alloxan diabetic rat and to find 
another model more suitable for the assessment of effec­
tiveness of topical antifungal therapy. 

Burns 
Fungi 
Mycot ic 

Colonization 
Invasion 
Alloxan-Diabetes 



14 
, . ANIIC'f ace•-- 1, 0ATIOP_.,. IHll'OIITCG#l'II0&.1 .. m&. 

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 
DA OD 6%6 71 07 01 DD-DR.E(AR)6J6 

, . OATf .. ,111: v ,u.,.•• • KIND 01' IU-AII~ I . IU-~IIY ICY .... r IIOII• ll~IIOY'f"' , ........... r•-·• IMTll'II ~ •-• CIPIC DATA - r- ~•vu. DP IUIII 
-TIIACTOII ACCIH 

A. NEW NA NL Gl YII D NO .. -· _, 

10 NO ./ C OOI.S · • ~ .. oo••· ·L~IICN T -IOOJIC T IOUIIIOIII TAMC All• A IOUIIIO• II -K UNIT IOUIIIHII 

&. ... , ....... 61102A 3A06 1102B 7 IR 01 162 
b , CONHll• UTl•G i:t:::::::,,:: ::::::·:::::::::>,::::: :>:,, ,,,,,, '?\fl:JJI:Y?:\JI\ :-::::: :•: .(':}\: /2:(:i:\:::::::,:::,::::: /:::::, : :::::::::::::::::::,:: 
c . CONT"I.UTING :•·· :-::-: :,:,:,:,;.,,:•:-:-:-:--:-:•·•:•::::::-:;::::, .. •,• •:-:-;. ::-:;:;:;:;:;:;:;:::::;:•:-:-:•:,•:•:-;-;: :·: 

ti Tl! L l ,,.,et:•• .. ,.,_ J•c u111, C l•••llfc•II-. c .. ,• {U) Bacteriologic Survey of Inhalation Theracr Equipment In 
Burn Unit - Potential Source of Airborne Pneumonia in Burned Troops ( ) 

II S C l(NTll' IC ANO TI C tOfOL0GI C AL ••EAi• 

003500 Clinical Medicine 
I I \f,UH O A Tl u . aSTI.ATID COII .. LITION DATa II, PUNDl•G AOINCY r•· -• IIPOIOIIIAIICI IIIITIOOD 

70 07 Cont DA I C. In-House 
11 c o .. r "A CT o,. .,,., 

No t Applicable 11 . 111•aou11ce1 a1,1• ATC A. ~IIOPCIIIONAL MAN YIIII i.. ,u11oar,,,--•, 
& D • Tt:S / fFJ"t. C TIVC 1.•llll'IIIIATION: 

__ ._ ___ _.. 
b. H lJ Ma f.: 1111 • PIICAI.. 71 .43 11.4 
C. fT Pf. 4 a.llOUNT : yea.111 ,------
a. c: 1• 0 O F •wa.'I O f . CUM . AMT . 72 .43 12 .6 

11 "f.!.,-OfrllS l a LC 000 OIIIGUf l IAT ION I ... ~ ... ,o ..... o 0"0ANIIATIOII l I 
..... , ·us Army In st itute of Surgical Research ...... ,,•us Army Institute of Surgical Research 

Burn Study Branch 
• oo~•u •F t Sam Houston, Tx 78234 Aoo111u,• Ft Sam Houston, Tx 78234 

llll'IIIINC l ~At.. INYCITIGATOlll (,..,_,M IIMf II U . I . Au-.lc f,eeUIVtl-, 

.. t.\PO •SIB L [ I JIIOI VIOU AL ........ J\ 1 an H Morris, MAJ, MC 
"'••c. PRUITT, B .A·., JR' LTC, MC TCI..C~MONC : 512-221-4307 
TfL[llll'HO•C : 512-221-2720 SOCIAi.. ll"CUIIIITY ACCOUNT NU•• IIII : 

I I G( NlllltA L UII AUOCIATI INYCITIOATO•I 

FOREIGN INTELLIGENCE NOT CONSIDERED ··••: DA 
NAIIC : 

. 1(1:YIJOIIIOS ( rNce• aA Clf •19' Jeeuflr,, t; eeern ceu_. C••J (U) Nosocomial pneumonia; (U) Nebulized Decontami nat I on; 
(U) Inhalation Therapy; (U) Nebu 1 i zers; (U) Aerosols: (U) Bacterial Con tam i nation 

t;; fC C• NI C AL OeJE CT IV~ . • Iii. Allll'llll'IIOACM , I I. llll'IIIOGllll:11 ( ,.,...,.,_ ,,.,..,.,_, --•·-• ,,,,_.oNefl .. ,....,_ l'N••· te• t el MCA_, ... cwtt,, Cl .. •t8cerl .. ,:.,._,> 

23. (U) Tu de f ine the extent of contamination of inhalation therapy equipment in I 
our burn unit, and to develop effective decon tami nation programs in order to prevent 
the generation of bacteria-containing aeroso Is when nebu 1 i zers are used in the course 
of inhala t ion therapy t rea tmen ts. 

24. (U) Puri tan al I-purpose nebu 1 i zers and DeVi lbiss ul t rasonic nebulizers were 
studied during t he course of i nha lat ion therapy t rea tmen ts. The reservoir chamber 
from which the fluid is nebu Ii zed was sampled asepti ca lly when the instrument was set 
up for use, and at 2. 4 , 6, and 24 hours after use. Once the level of contamination of 
these instruments :.in der ordinary therapeutic conditions was determined, a program of 
decontaminatior was instituted, and the studies repeated. The study in no way 
inter fe red wit h t he routine administration of inha lation therapy as commonly practiced 
in our burn un i t . 

25. (U) 70 07 - 7 1 06 Forty-six percen t of the initial 389 specimens were contaminated 
wi th bac ter ia. Seventeen percent were contaminated with gram negative rods alone, 
seven percent we re con tam i ned with gram negative and gram positive organisms, and 
twenty- two percent were con tam inated with gram positive organisms alone. After the 
inst i tut ion of a de con tam i nation program, i nvo Ii ng the use of Cidex (gluteraldehyde), 
acetic adic (n ebu Ii zed), and ethylene oxide steri 1 iza ti on, the degree of contamina-
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s pecimen ). 

contaminated with bac teria (only one positive 
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The purpos e of this study was to define the extent of con­
t am ination of inhalation therapy nebulizers in use in the burn 
unit of the US Army Institute of Surgical Research and to 
develop a decontamination program which would successfully 
e liminat e the genera t ion of bacterial aerosols from such 
equipment. 

Puritan all-purpose ne bul izers and Devilbiss ultrasonic 
nebul i ze r s in use in the US Army Institute of Surgical Research 
we re st ud i e d both before and after the application of a decon­
t am in ation program. The fluid in the nebulizer chamber, or 
r ese rvoir ja r s of these ins truments, was sampled aseptically at 
the ti me the in s trument was s e t up for patient use, ana at 2, 
4 , 6 and 24 hour s aft e r us e began. The collection of these speci­
me ns in no way interfe red with the use of these nebulizers in the 
rou t ine adm ini st r a tion of inhalation therapy as commonly practiced 
at the US Army In s titut e of Surgical Research. Before decontamina­
tion was at t emp t ed , the re was a 46% incidence of contamination of 
t he res rv o ir c ham be r s or r ese rvoir jars of these nebulizers. Of 
389 spec imens co ll ec ted, 17'/o we re contaminated with gram negative 

a l one , 7'/c we re contaminated with gram negative and gram 
o r ga ni sms , and 22% we re contaminated with gram positive 

Ion . Afte r the institution of a decontamination 
sted by t he Ame rican Thoracic Society, involving the 

u Ci x ( lut r a l de hyde ), ne bul ized acetic acid, and ethylene 
ri Ii a t ion (Am Rev Resp Di s 98:3, 1968), the incldenceof 
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contamination of the reservoir or ne bulize r chambe r of th c ~ 

instruments fell to 0.8% (of 125 speci me ns coll ec t d os t 
recently, only one was contamina ted). 

These preliminary result s indicate that, as has b n found i n 
other institutions, nebul izers us ed in the admini trat ion of 
inhalation therapy can easily and fr equ en t ly becom contaminated 
with bacteria. Other workers have demon s tra ted that uc h con­
tamination resl,lts in the gene ration of bacte ri a- c on ta in in g 
aerosols and is associated with a striking increas e in th i n ­
cidence of gram negative necrotizing pneumonia occurring in 
seriously ill hospitalized patients. The in s titution o f an 
effective decontamination program can ~f fective ly e li mina t e 
this program. 

Inhalation Therapy 
Nebulizers 
Aerosols 
Bacterial Decontamination 
Nosocomial Pneumonia 
Nebullzer Decontamination 
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23. (U) To evaluate the type of tracheostomy cuff that causes the least tracheal 
injury.

2G. (U) The standard latex tracheostomy cuff, a low pressure Sanders cuff, and a 
newly designed non-inflatable cuff made from fine cell medical grade silicone rubber 
sponge were surgically placed in the trachea of a series of goats in a manner that 
would prevent leakage and could be maintained In place for up to lf« days.

25. (U) 70 08 - 71 Ob Fifteen goats following tracheostomy were maintained with 
cuffed tubes in place for 4-lb days. Latex cuffs were inflated and the sponge cuffs 
used were of sufficient sire to prevent leakage at 30 cm water respirator pressure. 
Both gross and microscopic evaluation after sacrifice revealed tracheal changes which 
were minimal and much less severe in the goats with the sponge cuffs than the damage 
caused by the inflatable cuffs tested.
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The purpose of this study was to evaluate the type of 
tracheostomy cuff that causes the least tracheal injury. The 
standard latex tracheostomy cuff, a low pressure Sanders cuff, 
and a newly designed noninflatable cuff made from fine cell 
medical grade silicon ~ rubber sponge were surgically placed in 
the trachea of a series of goats in a manner that would prevent 
leakage and could be maintained in place for up to 14 days. 

Fifteen goats fol lowing tracheostomy were maintained with 
cuffed tubes in place for 4-14 days. Latex cuffs were in­
flated and the sponge cuffs used were of sufficient size to 

revent leakage at 30 cm water respirator pressure. Both gross 
and microscopic evaluation after sacrifice revealed tracheal 
changes which were minimal and much less severe in the goats 
with the sponge cuffs than the damage c aused by the infla t able 
cu f f s t es t ed • 

Trache ostomy 
Tube Cuffs 



TRACHEOSTOMY TUBE CUFFS: A 
COMPARISON OF THREE TYPES IN GOATS 

The production of tracheal injury by tracheostomy tubes and 
their cuffs is recognized as a serious problem. 1 Erosion and 
perforation of the tracheal wall by tips of rigid tracheostomy 
tubes have been common. Silicone rubber tubes, which are soft, 
flexible, and biologically inert, show great promise in reduc­
ing this problem. Injury by cuffs occurs consistently in every 
human trachea through which ventilatory assistance has been 
given using a standa2d cuffed tracheostomy tube for a period 
of 48 hours or more. A spectrum of lesions occurs at th~ 
site of the cuff which commences with superficial tracheitis, 
progresses to necrosis and loss of cartilage, and in an oc­
casional case, to perforation with tracheo-esophage~l fistula. 
Tracheal stenosis is a common sequela. Cuff size and shape, 
duration of inflation, and inflation pressure play important 
rn l es in the development of this complication. The purpose of 
this study was to evaluate a new design non-inflatable cuff 
and to compare its performance with inflatable cuffs. 

Mat e rials and Methods 

The new design tracheostomy tLbe cuff, composed of medical 
grade fine cell silicone rubber s~onge, is constructed by 
wrapping a strip of sponge around a silicone rubber tube and 
bonding it to the tube with Type A Silastic adhesive. A keel 
of sponge is bonded to the cuff on the greater curvature for 
the purpose of filling the muscular groove located on the 
posterior aspect of the trachea. The tubing under the cuff is 
thinner than that of the remainder in order to al low the cuff 
to conform more easily to the elliptical shape of the trachea. 
A dacron-reinforced strip of silicone rubber sheeting is 
bonded to the upper end for attachment of ties. 

The study was designed to compare the amount of tracheal 
injury produced by silicone rubber sponge cuffs with that pro­
duced by standard design latex cuffs, and low pressure Sanders 
cuffs.3 

Five groups of three Angora goats had tracheostomies con­
structed.4 Each goat in every g oup of three received a dif­
ferent type cuff. The two types of latex cuffs were inflatec. 
only to the point of seal ing,using a Bird Respirator set at 
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n in p ir at ory pressure of 30 centimeters of wate1. The sponge 
uff wa s l~c t d according to size to prevent leakage at the 

pre s ure . A 11 tubes were removed and washed once da i I y, 
and in f l ata bl cuffs were reinflated twice daily. In order to 
rn x imiz e damage by al I cuffs, hourly deflations (or removal in 
th cas of the non-inflatable cuff) were not done. Mucous secre­
tions we re removed twice daily with cotton tipped appl icators. 
Group I was sacrificed at 4 days, group 2 at 6 days, group 3 at 
8 days , and groups 4 and 5 at 14 days. At sacrifice tracheas 
w r removed, photographed, and submitted for pathological 

valuation. By use of a code, the pathologist performed each 
g ross and microscopic evaluation without knowing which cuff was 
u ed. The gross evaluation was done by comparing each trachea 
\, ith the other two in the same group. They were judged best, 
middle and worst according to the degree of erythema, exudation, 
and ulceration. Microscopically each trachea was graded indi­
vidually according to depth of inflammation and necrosis. 

Results 

The results of the gross and microscopic examinations are 
g iven in Tables 1 and 2 respective!~. Note that when the silicone 
rubber cuff was compared to the others with respect to the gross 
xt ent of injury it was uniformly associated with the least 

amount of damage in each of the five experimental groups. On 
microscopic exami~ation the silicone rubber never caused necrosis 

xtending deeper than the lining epithelium of the trachea. In 
on e animal that was sacrificed after 14 days, there was not even 
evidence of epithelial necrosis. In contrast both the standard 
latex and Sanders cuffs usually caused necrosis that extended 
well into the lamina propria or even down to a cartilage plate. 

Conclusion 

The performance of the silicone rubber sponge cuff in an 
animal model show5 promise and merits testing in human beings. 

I. Pru i tt BA Jr, Fl emma RJ, DiVincenti FC, et al: Pul­
monary comp I ication s in burned pati ents: A comparative study 
of 697 pati e nt s . J Thorac Cardiova sc Surg 59:7-20, 1970. 

2. Coop e r JD, Grillo HC: Th e evolution of tracheal injury 
due t o ventilatory a s sistance through cuffed tubes: A patho­
logic study. Ann Surg 167: 334, 1969. 
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Conventional cotton surgical drapes quickly become 
saturated by water and/or body fluids, thereby losing their 
bacterial barrier function and serving as potential vehicles 
of microorganisms capable of causing wound infection. Con­
ventional cotton surgical gowns are also wettable and may 
permit the passage of bacteria from an operating team member 
onto the previously sterile operating field. Synthetic 
material evaluated by others has either lacked satisfactory 
draping characteristics or has been impermeable to even water 
vapor, leading to undesirable heat retention. A disposable 
Spunbonded Olefin-cellulosic laminate material has been shown 
to have acceptable absorbency and to be permeable to water 
vapor. Most importantly, the material has been bacterio­
logically evaluated and found to be virtually impermeable to 
bacteria even when wet. The originally evaluated drape 
material was somewhat stiff, and a less tightly matted form 
of the sheeting is being evaluated. The surgical gown which 
is of a 1 ighter "weave" is scheduled for bacteriologic study. 

Surgical Drapes 
Operating Room-Based Infections 

I 
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EVALUATION OF SYNTHETIC SHEETING AS OPERATING ROOM 
DRAPE HATER I AL 

Surgical drapes may be defined as aseptic materials placed 
so as to prevent the spread of microorganisms from the environ­
ment into an aseptic area, usually the surgical wound. The 
microorganisms concerned are usually bacterial but fungi may 
be of Importance in the severely injured or debilitated pa­
tient. Water is the most common bacterial vehicle in the form 
of blood, serous exudatas, saline, and breath droplets. Easily 
wettable, cotton drapes readily permit bacterial passage from 
nonstertle areas Into the operating field if, as commonly 
occurs during surgery, they become wet. Postoperative wound 
infections represent a significant loss of manpower an~ money 
which may well be minimized by use of draping and gowning 
materials, providing a more satisfactory bacterial barrie·r. 
The necessary properties for adequate isolation of a surgical 
Incision by drapes are shown In Table 1, and the desirable, 
although not absolutely necessary properties, are shown in 
Table 2. 

Materials and Methods 

A synthetic sheeting material supplied by the Textile 
Division of the Dupont Corporation consists ~fa network of 
1/5000th inch diameter polyethylene fibers laminated to a cel­
lulostc material. This Spunbonded Olefin drape weighs 2. I 
ounces per square yard, Is 8 mills In thickness, has a strip 
tensile strength of 10.8 pounds per inch and a grab tensile 
strength of 22 pounds per inch. This material was evaluated 
in the operating room, both in the form of surgical drapes and 
surgical gowns. Assessment was made of physician acceptability, 
draping qualities, body temperature changes during surgery, 
absorbency, maintenance of Integrity, and pre- and postoperative 
bacterial cultures of the operating field. Further bacterio­
logic study was carried out in the laboratory. Discs of the 
synthetic material were placed on agar plates, seeded with bac­
terial broth cultures and Incubated for 24 hours. The test 
material was then removed and the agar plates incubated for 
a second 24 hours to detect any transmission of bacteria 
through the sheeting material. Initial test organisms con­
sisted of Pseudomonas, Enterobacter, Providencia stuartii, 
Serratia marcescens and Staphylococcus aureus, with Klebsiella 
pneumoniae, Proteus mtrabilis, and f. coli added in the 
later tests. 
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Table 1. Necessary Properties of Drapes 

1. Impermeability to bacteria and bacterial vehicles 

2. Penneability to water vapor 

3. Adequate heat transmission 

4. Strength to maintain integrity throughout use 

5. Pliability with capacity to confonn to body 
and/or wound contours 

6. Absence of static electricity 

7. No antigenicity or tissue toxicity 

Table 2. Desirable Properties of Drapes 

1. Easy detectability of loss of protectlvlty 

2. Easy to apply and remove 

3. No special storage requirements 

4. Indefinite shelf life 

5. Flame resistance 

6. Esthetic acceptability 

7. Heat sterilizable 

8. Reasonable cost 

' 
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Results 

The drape and gown material, which are treated with 
an antistatic agent and have high abrasion resistance, were 
found to be potentially reusable and both were found to 
resist passage of water and other fluids well. There was 
no observed significant body temperature rise suggesting 
that the material does indeed transmit water vapor and 
gases. The materials were generally well accepted by the 
operating surgeons in the test with the qualification that 
improved draping charact~ristics of the drapes would be 
desirable. The surgeons also felt that a somewhat thicker 
cellulosic material providing greater absorbency and mini­
mizing fluid runoff would be desirable. In six operative 
cases, four showed negative cultures both preoperatively and 
postoperatively and one showed a negative preoperative cul­
ture with a positive postoperative culture from an area 
removed from the operative field. The sixth case was 
positive both on pre- and postoperative culture from an 
area of open burn wound. 

The laboratory, bacteriological testing revealed no 
passage of Pseudomonas, Ent~robacter, Providencia, Serratia 
or the staphylococcal organisms upon 24-hour incubation on 
the draping materi~ ). placed on agar plates. Subsequent 
modification of the drape to enhance its draping charac­
teristics has necessitated a change in the "tightness" of 
the weave, and this material has been retested against 
Serratia marcescens, Pseudomonas aeruginosa, Klebslella 
pneumonlae, Enterobacter cloacae, Proteus mirabills, E.coli, 
Provlde,cia stuartli,and ~. aireus. These latter tests revealed oc­
casional penetration of Proteus, Klebsiella and Serratia 
with no penetration of the other organisms folla.,;lng 4-hour 
incubation. With none of these test organisms was penetra­
tion apparent sooner than one hour fol lowing application of 
the broth culture. 

Discussion 

The advantages of the Spunbonded Olefin-cellulosic 
laminate drape material as compared to conventional cotton 
drapes consist of (1) good resistance to bacterial trans­
mission which, as is apparent from testing of the most recent 
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material, depends upon the tightness of the weave; (2) per­
meability to water vapor with no significant impairment of 
normal body heat loss; (3) strength, with ~aintenance of 
integrity during use; (4) flame resistance, and (5) no 
apparent antigenicity or toxicity. It appears as if ex­
cellent draping characteristics and bacterial impermeability 
may be antithetical, and that some compromise will need to 
be made in terms of draping characteristics tn order to 
maintain the bacterial impermeabi 1 ity throughout a time 
period sufficient to encompass virtually all operative 
procedures. 

The disadvantages of the Spunbonded Olefln-cellulosic 
laminate consist of the draping 1 Imitations noted above, 
the fact that It Is difficult to detect loss of barrier 
function, and greater fluid runoff than with conventional 
drapes. A thicker celluloslc laminate may correct this 
relatively minor runoff problem. Further studies are 
underway to Improve the draping characteristics of the 
synthetic sheeting while simultaneously maintaining its 
promising bacterial barrier properties. 

Pub I teat ton 

Pruitt BA Jr: Surgical dressings and drapes, In, Lecture 
Outlines, Postgraduate Course on Pre- and Postoperative 
Care. Engineering In Surgery. 56th Amer Cl In Congr, ACS 
Chicago, 12-16 Oct 70, pp. 7-10. 

Presentation 

Pruitt BA Jr: Surgical Dressings and Drapes, Postgraduate 
Course, Pre- and Postoperative Care, Amer Coll of Surgeons 
Mtg, Chicago, 111,12-16 Oct 70. 
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23. (U) To investigate the inmunoglobu l in 1 eve ls in the plasma of burned patients and 
determine whether any patterns exist which may be of diagnostic, prognostic or 
therapeutic value. 

24. (U) Measurements were made on the plasma of burned patients using the method of 
radial inmunodiffusion at under 48 hours postburn, 3 days, 7 days, 14 days and one month 
post burn. Control values were obtained from normal patients and non-burned surgical 
patients. 

25. (U) 70 07 - 71 06 - Fifty patients were investigated. Serum inmunoglobulin G levels 
were found to be profoundly depressed inmediately following injury, and recover towards 
normal by one month. Depression was more profound in fatal cases and wa• uninfluenced 
by burn size. Inmunoglobulin M and A levels remained normal. Patients with invasive 
phycomycosis showed excessive el evat'ion of IgM 1 evel s, which returned to normal fol lowing 
eradication of their disease. The study has now been terminated and t he information 
gained is being used in the clinical care of burn patients. 
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The determination of serum immunoglobulin levels in burn 
patients follows recent interest in the surgical world in 
serl.11'1 immunoglobulin patterns in other surgical disorders. As 
Inmunoglobulin G carries most antibodies to gram-positive and 
gram-negative infections, Inmunoglobulin M to tuberculosis and 
some gram-negative infections as well as fungi, and Immuno­
globulin A the antibody to most viruses, it was thought possible 
that there might be a correlation between postburn levels of 
these inmunoglobulins and the presence or absence of various 
clinical complications due to infection. Accordingly, serial 
analysis by radial inmunodiffusion on 50 patients admitted to 
the Institute was made, and the levels of these inmunoglobulins 
serially measured in the serl.11'1 at various intervals up to two 
months postburn. A very clearcut pattern did indeed emerge 
whereby Imnunoglobulin G levels dropped very markedly immedi­
ately postburn and rose slowly to normal after about one 
month, and Immunoglobulin A and M levels were essentially un­
affected. Immunoglob~ l in G levels did not show a rise when the 
patient was infected with an appropriate organism whereas 
Inmunoglobulin M did show a sharp response in the presence of 
a fungal infection. Because of the statistical comparison of 
inmunoglobulin levels and burn size, as well as the changes 
of levels as related to immunoglobulin molecules molecular 
weight, it was concluded that the changes observed were not 
caused by mechanical leakage of proteins from the burn wound 
but by some as yet unknown mechanism. 

After investigating these 50 patients, the following con-

* Present address: Mayo Clinic, Minneapolis, Minn. 55901 
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clusions were drawn: lmmunoglobulin G levels are markedly 
depressed postburn. A very severe prolonge depression implies 
a poor prognosis. Antibody levels in the lmmunoglobulin G class 
do not respond well to invasion by microorganisms. lnmunoglobu­
lin M remains normal postburn and responds rapidly when invasion 
occurs by fungi, particularly Phycomycetes. It can be used to 
gauge the adequacy of surgical treatment as levels drop rapidly 
back to normal when the invaded area is surgically excised. 
lnmunoglobulin A shows no relevant changes and remains essen­
tially normal. There is no difference in the basic pattern of 
inmunoglobulin concentrations between large burns and small 
burns. Also, it is of interest that l mmunoglobulin G and A 
behave so differently seeing that the y are approximately the 
same molecular size. Because of these reasons, it was concluded 
that mechanical leakage of protein was not the sole cause of 
the observed changes and that other mechanisms are at work. 
These results have been applied ~s a clinical aid in the diag­
nosis and management of burn patients with invading infection. 

lnmunoglobulin 
lnmunod i ff us ion 

Inmune response in burns 
Infection in burns 

I 
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23. (U) To Investigate by means of studying lymphocyte function the state of central 
Immunity, following thermal and mechanical Injury, In animal models and In patients. 
24. (U) The animal model depends on the ability of spleen cells from allogenel~ rats to 
Induce a graft-versus-host reaction In the popllteal node of an Incompatible rat 
following footpad Injection of the cells. This model can be adapted to investigation o 
human peripheral lymphocytes postburn. Serum factors - serum from burned patients will 
be Investigated for the presence of soluble factors which are capable of suppressing 
normal macrophage Inhibition, the mixed lymphocyte reaction In vitro, and blast 
transformation following stimulation by poke-weed antigen. Skin tests - a series of 
skin tests of patients with thermal injury to Honllla, Trlchophyton, and 3-5 
Dlnltrofluobenzene will be carried out. Patients wlll be tested Immediately postburn 
and then about two months later. 
25. (U) 71 04 - 71 06 In the animal model, It has been shown that the Induction of 
graft-versus-host reaction In the rat popllteal node Is a sensitive and reproducible 
assay system to measure lymphocyte function In the donor. TI;,ermal Injury of 30"/4 of 
the total body surface and mechanical Injury induced by dermatome removal of skin from 
the back of rats has been demonstrated to depress Immunological capability of their 
spleen cells considerably. Recovery occurs, In the absence of complications, within 
10 days of Injury. Human peripheral lymphocytes Induce the same reaction, except 
that this Is a bidirectional reaction. Results on the human studies are not yet 
available at thl s time. 
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The Introduction of a sensitive model which measures the 
graft-versus-host reaction in popliteal nodes of recipient rats 
following an injection of donor spleen cells into the hind foot­
pad has been instrumental in enabling us to measure changes in 
lymphocyte function in the donor rat following thermal and 
mechanical Injury. Both these injuries have been found to 
cause a profound depression In lymphocyte function, which lasts 
about 10 days, following which recovery occurs. Recovery is 
slower following thermal Injury than that foll .:,w lng mechanical 
Injury, but the differences are not statistically significant. 
The testing of human peripheral lymphocytes in this system is 
being commenced, and Is done parallel with a search for serum 
factors capable of Inhibiting normal molecular phase migration 
Inhibition, a mixed lymphocyte reaction in vitro, and blast 

~•: Present Address: Allergy Cl lnlc, Brooke Gen. Hosp., 
BAMC, Fort Sam Houston, Texas 78234 

~•:-.•: Present Address: Pediatric Service, Brooke Gen Hosp., 
BAMC, Fort Sam Houston, Texas 78234 
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transformation by poke weed antigen. At the same time, a series 
of skin tests, involving testing to Monilia, Tricophyton, and 
3-5 dinitrofluobenzene is being carried out to test skin delayed 
hypersensitivity in burn patients. 

Trauma 
Thermal Injury 
Graft-versus-Host Reaction 
Delayed Hypersensitivity 
Skin Tests 
Serum Factors 



, 

18-1 

A STUDY OF ALTERED CELLULAR IMMUNITY IN MILITARY PERSONNEL 
FOLL<MING THERMAL AND MECHANICAL INJURY 

This work Involves an extensive Investigation of the state 
of central lnwnunlty followlng thermal and mechanical Injury. The 
Investigation was comnenced with the establishment of a model In 
the rat. Parental F344 spleen cells, dose 40 x 106, in TC199 
medium and 2<f/4 calf serum were Injected Into the right hind 
footpad of fllial (F344 x Lewls)FI rats, with only medium in­
jected Into the left footpad as a control. Present methods 
of measuring the GvH reaction In t.he rat are 1 lmlted by poor 
reproduclbtllty and sensitivity. We described here a method 
which we believe overcomes these difficulties. 

Method 

Parental (F344) spleen cells, 40 x 106 In TC 199 and 2(11/4 
r.alf serum were Injected Into the right hind footpad of flllal 
(F344 x Lewls)Fl rats, with only medium Injected Into the left 
footpad as control. One week later, the draining popllteal 
node of each leg was excised, weighed, the cells counted and 
their trltlated thymldlne uptake measured. Of the weights, 
counts·, and uptake, the last was the most consistently sensitive 
measure of Increased activity. Five groups of animals were 
studied as follows: 

Group I : P • F 1 ; Group II : F 1 • P; Group II I : P • F 1 but P 
sensitized by a prior Fl skin graft; Group IV; P • Fl, with P 
radiated with 450 R; Group V: P• Fl with Fl radiated with 450 R. 

Results 

The mean total node uptakes, with 95°/4 confidence limits, were: 
Group I (n • 10) 10,130 (3,600-23, 120), control 1,076 (324-3,367, 
p ( 0.001); . 
Group II (n • 10) 35,400 (20,890-58,880), control 1,349 (550-
3,311, p < 0.001); 
Group Ill (n• 10) 54,080 (30,200-95,500), control 955 (482-2,143, 
p ( 0.001); 
Group IV (n • 5) 1,750 (955-3,090, control 912 (532-1585, 
p < 0.05); 
Group V (n • 5) 1,202 (518-1,941), control 560 (280-1,050, 
p > 0.5). 
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Conclusion 

The activity of the popliteal nodes was heightened by prior 
sensitization of the parental donors and severely depressed by 
radiating either the parental donors or the filial recipients, 
thus conforming to classic the~ry on the behavior of the GvH 
reaction. 

This model was next employed to study the effect of thermal 
and mechanical injury on the graft-versus-host reaction. Donor 
rats were injured either with the standard 30°/o total body 
surface scald burn or with the dermatome removal of a correspond­
ing area of skin under anesthesia. Results were as shown In 
the table. 

It can be seen that in this sensitive graft-versus-host 
assay, a severe depression of rat lymphocyte function occurs 
following trauma, slightly more marked after thermal than after 
mechanical injury, although the differences are not statistically 
significant between these two mo<lalltles of Injury. Recovery ap­
pears to occur within 10 days and ts more rapid following mechanical 
injury than thermal injury. 

Next, investigation was undertaken to see if human peripheral 
lymphocytes could provoke a reaction In the rat popllteal node. 
Human lymphocytes were drawn ig synchronized equipment, separated, 
counted, and a dose of 15 x 10 cells Injected Into Lewis F344, 
F1 hybrid rats hind footpads, again using the left side as control 
with just medium injected. It was found that blast transformation 
in this model occurred with greater rapidity than in the rat model, 
and that maximum uptake by the popliteal nodes occurred after 
three days rather than seven days as with the rat cells. The 
height of the counts, namely, about 20,000-25,000, was of the same 
order of the counts in the allogenelc rats. This might appear 
surprising, since heterogeneic reaction is stronger than the allo­
genelc. unless one remembers that according to clonal selection 
theory, one population of lymphocytes only is responsible for 
each reaction and, therefore, maximal stimulation of a single 
population of lymphocytes would possibly produce the same quanti­
tative amount of blast transformation. We are at present Inject­
ing rats with burned patients' peripheral lymphocytes to deter­
mine whether a depression in this reaction will occur. One will 
then need to determine whether the depression is due to loss of 
immunological capability of the human lymphocyte to react against 

' 
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the rat, or a loss of Immunological Identity of the human lym­
phocyte to react against the rat, or a loss of Immunological 
identity of the human lymphocyte, preventing the rat from 
reacting against it. If such a depression indeed does occur 
we then plan to treat the human lymphocytes with Hitomycin-C 
to arrest blast transformation in human lymphocytes without 
effecting their own irrrnunological Identity. Any further depres­
sion of the reaction could then be related to a loss of the im­
munological capability of the human lymphocyte. 

Parallel with these tests, human serum is frozen and pre­
served to assay any serum factor present in thermal injury which 
may be responsible for immunologic Inhibition. Among those 
functions planned for study are macrophage migration inhibition, 
mixed lymphocyte reaction, and b.last transformation in response 
to poke weed. A factor which is capable of depressing all these 
parameters has been found In the serum of patients suffering 
from chronic mucocutaneous Candldlasls, and It Is possible 
that this factor might be found In the serum of burn patients. 
Patients will also be subjected to a series of skin tests, 
one series after admission and one prior to discharge, to 
Moni11a, Tricophyton, and 3-5 dlnitrofluobenzene. Honllla 
and Trlcophyton antigen Induce a positive skin reaction to 
70% of the military population, and the study will aim at 
determining whether a comparable series of burn patients can 
react in the irrrnedlate postburn stage or, If not, whether 
they wi 11 react upon recovery from the thermal injury. Dinl­
trofluobenzene, on the other hand, causes no reaction the first 
time, but induces delayed hypersensitivity to itself, so that 
al 1 individuals are positive to a second challenge. The pur­
pose of this particular study will be to determine If dlnltro­
f1uobenzene can induce a state of delayed hypersensitivity In 
the postburn phase. 

Pub) ications and/or Presentations 

None 
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23. (U) Inhibition of lymphocyte migration has been reported to be an accurate method 
of assessing cellular lnmunocompetence In various conditions. The state of cellular 
hypersensitivity In burn patients and burned animals has been questioned, and the 
delay In graft rejection and depression of lymphocyte volumes has been reported In 
the literature. The detection of lymphocyte volumes has been reported In the litera­
ture. The detections of migration Inhibition among the peripheral lymphocytes of 
animals and patients, when stimulated with appropriate antigen, would prove that these 
lymphocytes In the burn patients are Immunologically competent; the absence of such 
migration Inhibition would attest Immunological Incompetence. 
24 . .. (U) The following experimental groups were planned: Homogenized subcellular ant 
genie material was extracted from organs and skin of donor animals. These were in­
jected Into genetically disparate-matched recipient animals. Following this procedure 
the recipient animals were burned and their lymphocytes Incubated with the same anti­
genic material that had been used to lnrnunlze the host rat. The degree of migration 
of lymphocytes from the test animals were then compared In the presence and absence of 
antigen. The precise technl~ue of measuring lymphocte migration was that described 
In 1967 by Soborg and Bendixen, In which lymphocytes were separated from pilasma grown 
In capillary tubes and allowed to migrate In small culture chambers, the area of migra 
tlon measured by paper planemetry and compared with controls. 
25. (U) 70 08 - 71 01 It was discovered that the rat, which is the animal that we ha 
used as the standard burn model at this Institution for some years, is singularly un­
suitable for the study of migration Inhibition. Because of the imprac t icali ty of 
establishing a large scale Investigation of burn animals In large numbers other than 
rats, this study was discontinued. 
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ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: INHIBITION OF LYMPHOCYTE MIGRATION IN BURNS 
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Investigators: Andrew M. Munster, M.D., LTC, MC 
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When antigenic stimulation of the central immune response 
occurs, the small lymphocyte undergoes blast transformation and 
produces a number of soluble factors, one of which is the 
migration inhibition factor. This factor Is so described 
because It is capable of Inhibiting the migration out of the 
end of a small capillary tube of peritoneal macrophages of 
various animal species. The Inhibition of macrophage migration 
Is, therefore, an Index of central Immunological competence 
of tested animals. It was proposed to Investigate this model 
In the burned rat. First, a reliable model of macrophage 
migration from a capillary tube had to be established in an 
animal suitable for burning, such as the rat. When rat 
lymphocytes or peritoneal macrophages were processed In the 
appropriate manner and placed tn capillary tubes, spontaneous 
migration either did not occur at all, or occurred in such 
variable and unpredictable manner that the development of an 
adequate assay was impossible. It was then determined that 
the guinea pig macrophage was the cell used for such testing 
by other workers. 

Unfortunately, guinea pigs tolerate thermal injury poorly; 
with a high mortality follt'Wlng anything but a minimal scald 
burn. Because of these difficulties another assay, reported 
elsewhere, which more easily quantifies the tentra1 immune response 
in rats has been developed and this study of macrophage migra-
tion has been terminated. 

Immunology 
Lymphocytes 

Lymphocyte Migration 
Burns 
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ABSTRACT 
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The status of cellular immunity following thermal injury 
has not been well defined. This mechanism is certainly crucial 
since it is either a closely related or the causal effector in 
host defense against many pathogenic organisms, and graft 
rejection. 

The purpose of this study is to quantitate the lymphocyte 
response to specific and nonspecific stimuli. The response 
used is lymphocyte gro~th or transformation as measured by 
triati a ted thymidine incorporation (DNA synthesis), in rat 
lymph node lymphocyte cultures from animals sacrificed 1, 24, 
96. and 240 hours after a 30% scald burn. Cultures were grown 
in 20 / fe tal calf serum with Difeo medium TCl99. 

The st imuli used wer phytohemagglutinin (P~:A), a non­
sp ci fic mi tog n, and tuberculin protein, a specific antigen 
to which ani ma l s had b en previously sensitized . 

as ri es of e i ght mat c h d experiments, it wcJ s demon­
s tra d that lymp hocytes from burned animals had an enhanced 
r pons _ to PHA. Thi nhanc d r sponse wa s most prominent 96 
hou rs ostinjury wh n thymidi n incorporation was roughly five 

im s contro l PHA 1 v l s , and was still p r s nt twic control 
1 v l e; 240 hour . Lymp hocy l s from burned animals w r 



20-i ii 

similar to control cells with regard to cell number in culture 
and cell viability. Rat serum from both control and burn animals 
had equal Inhibitory effects on thymldlne Incorporation. Serum 
cortlcosterone levels were markedly elevated one hour and again 
96 hours postburn and were regarded as results of "release" and 
"synthesis" activity. Elevated cortlcosterone levels induced in 
normal rats with ACTH administration did not result In subse­
quent augmentation of the PHA response. 

Pending Information regarding specific antigenic response 
the following conclusions can be made. 

Lymphocyte transformation to PHA Is enhanced In the burned 
rat. This enhancement Is maximum 96 hours postlnjury and Is 
still present at 10 days. Rat PHA lymphocyte transformation 
Is depressed equally with normal and burned rat serum. Ele­
vated cortlcosterone levels observed In burned rats both Im­
mediately and 4 days postburn are not responsible for this 
enhanced response, which mlg~t reflect either Increased cel­
lular Immunity or "sterile activation" following thermal 
Injury. 

Specific .l.!! vivo immune reactions have not been successful 
in the rat model. Prellmfnary .l.!! vivo studies.using the one 
way GVH reaction. Indicate suppression of this response after 
thermal injury. 

Delayed Hypersensltlv ty In Burns 
Lymphocyte Transformation 
Immunity 
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23. (U) Skin homograft depression fol 1 owing therma 1 injury is wel 1 doc1.J11ented in the 
literature.Whether this is an expression of the depression of central imnune response or t 
alternately merely a defect in the afferent arc from skin to the seat of the central 
imnune response is unknown.A series of internal organ grafts was carried out to see if 
this defect could be 1 oc a 1 i zed • A series of xenografts was also carried out to see if 
rea 11 y strong sensitization could overcome whatever defect there may be.Finally,systemic 
sensitization by a subcellular antigenic extract was carried out to see if a second-set 
rejection could be precipitated. 

24. (U) Three models have been developed for the study of this problenu(a)a rat model, 
employin9 spleen s Ii ces on the renal cortex; ( b) a model employing pig heterograft on the 
back of Sprague-Dawley rats; and (c) the same mode 1 with sensitization of the recipient 
rat with subcellular extracts obtained from the pig skin. 

25. (U) 70 07 - 71 07 This study is concluded.It has been found that a 30% total body 
surface thermal burn in a recipient rat does not influence its ability to reject spleen 
slice al lograft on its own renal cortex,as judged by histological criteria,after 10 days. 
Similarly,canine and porcine skin xenografts on the back of burned rats were rejected in 
the normal fashion,both first and second sets.This held true whether the grafts were 
placed on the burn area or not.Finally,sensitization by the systemic injection of subce 11 
ular antigenic extracts did produce a second-set rejection in these skin grafts,again re-
gardless of whether the burn was present or not.It was concluded that thermal injury does 
not influence the rate of rejection of internal organ grafts or of skin grafts strong 
enough to provide major antigenic challenge,and that the central imnune response,as 
Dlti,IW,Fd...,j_t\.,th; ~ ...,..,...,1..wa.s, capable of mountinQ a second-set re;ection. 
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A 30"/o total body surface thermal burn In a recipient rat 
does not influence Its abilfty to reject a spleen slice allo­
grafted onto its own renal cortex, as Judged by hlstological 
criteria after 10 days. SimilarlyL canine and porcine skin 
xenografts on the back of rats were rejected in the normal 
fashion, both first set and second set, in a manner totally 
uninfluenced by the presence or absence of a .burn. This held 
true whether the grafts were placed on the bu1·n area or not. 
Finally, sensitization by the systemic Injection of sub­
cellular antigenic extracts did Indeed produce a second-set 
rejection in these skin grafts, again regardless of whether 
the burn was present or not. It was concluded that thermal 
injury does not influence the rate of rejection of internal 
organ grafts or of skin grafts strong enough to provide 
major antigenic challenge, and that the central immune 
response, as measured in this model, was capable of mounting 
a second-set rejection. 

Immunity 
Al log raft 
Homograft 

Rejection 
Transplantation 
Defense Mechan1sms 
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HOHOGRAFT IMMUNITY IN BURNS--~ODELS OF CHANGES IN 
I 1MUNITY AFFECTING USE OF PHYSIOLOGIC DRESSINGS 

Three sets of experiments were carried out to test the 
ability of burned rats to reject allografts and xenografts. 
Firstly, a thin slice of donor spleen was transplanted onto 
the cortex of the kidney of recipient rats, using Lewis and 
BN rats, which are different at the strong AGB locus. The 
operation was done as a laparotomy under general anesthesia 
using pentobarbltal, following which the kidney bearing the 
graft was carefully replaced in the abdomen and the abdomen 
closed. Evaluation, using a scoring system, was done histo­
loglcally following sacrifice of the animals 10 days after 
surgery. A score of O was given for total rejection and 6 
for perfect survival. Recipient animals were then given 
a 30°/4 total body surface burn one day, four days, or 10 days 
prior to grafting and the results evaluated. Controls in­
cluded lsografts from Lewis to Lewis and from F1 to F1. The 
experimental animals consisted of Lewis X BN)FJ donors to 
Lewis recipients; this was done in order to el minate histo­
logical confusion by the donor spleen causing a rejection 
reaction tn the recipient kidney. In this way, a unit rejec­
tion reaction by the host against the donated kidney or 
spleen was the only reaction observed. In the second group 
of experiments, canine skin xenografts onto rats with 20"/o and 
30°/4 burns were carried out, and porcine skin xenografts onto 
rats with 30°/o burns. In another group of experiments, rat skin 
allografts were carried out on rats with 30°/o burn but this 
allograft was not placed on the burn area, rather it was placed 
tMay from It. Next, sensitization was carried out by injecting 
the recipient rat intraperitoneally with subcellular antigenic 
abstract manufactured from either pigskin if the graft was 
pigskin, or dog spleen if the graft was dog skin. Results are 
shown In the table. 

Conclusion 

Thermal Injury in these models did not adversely affect the 
normal development of the rejection proces~. In the internal 
graft model, spleen slices were rejected i ~. the normal fashion, 
as assessed 10 days postburn. Xenografts were also rejected in 
the normal fashion, and second-set rejection occurred in an 
accelerated fashion whether the mode of ptesensitization was 
a previous skin graft or the injection of subcellular antigenic 
extract. It is therefore concluded that (I) the central immune 
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response is either not depressed or depressed only for a 
very short period following thermal injury and it recovers 
enough to mount an effective rejection reaction of internal 
spleen slices by 10 days; (2) the central irmiune mechanism 
is capable of mounting a second-set response. 

Pub I ications and/or Presentations 

None 
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ABSTRACT 
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The adequdcy of the Brooke Burn Formula for fluid resus­
citation was evaluated by serial measurements of blood volume, 
vital signs, and serum and urine chemistries in five patients 
with burns greater than 50% o~ the total body surface. Each 
arrived at the US Army Institute of Surgical Research within 
the first 24 hours postinjury. In three patients, fluids were 
administered qualitatively in accordance with the Brooke Burn 
Formula but quantitatively in approximation to their true burn 
size rather than the 50% maximum suggested by the formu ·1a. In 
one the bLrn size was 5000 and fluids were given accordingly. In 
the fifth, a 68°/o burn, the fluid volume was calculated based 
on a 50% burn but the proportion of colloid to electrolyte was 
increased. No resuscitative deaths occurred. Blood volumes 
were initially depressed, beginning to return to normal In the 
second 24 hours postburn as reported in Annual Report 1970. 
Serum electrolytes and blood gases were unremarkable. The two 
patients with burns greater than 75% qf total body surface had 
initial and persistent elevations of serum creatinine and BUN 
levels and depressed creatinine clearances. In only one patient 
was a postresuscitative diuresis documented. This was asso­
ciated with the continued administration of high volumes of 
intravenous fluids. In three patients a marked natriuresis 
accompanied resuscitation, disappearing twelve hours after the 
administration of salt-containing solutions was discontinued. 

Burn 
Blood Volume 

Cardiovascular System 
Resuscitation Fluids 

f 
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HEMODYNAMICS OF THE EARLY POSTBURN PATIENT 

As a part of the continuing evaluation of the adequacy of 
resuscitation with the Brooke Burn Fornula for fluid administra­
tion during the first 48 hours postburn, parameters of cardio­
vascular and renal function were monitored in patients ad­
mitted to the US Army Institute of Surgical Research less than 
24 hours following thermal injury of at least 50% of their total 
body ~urface. Previous cardiovascular studies had documented an 
initia\ obligatory plasma volume loss with spontaneous repletion 
in the second 24-hour postburn period. 1 

Method 

Five previously healthy young adult males with burn size 
ranging from 50-87°/4 of the total body surface (average 68%) were 
studied. Three patients were administered fluids qualitatively 
according to the Brooke Burn Formula but quantitatively received 
a volume calculated on true burn size. The fourth patient was 
given fluids appropriate for his 50% burn. In the fifth patient, 
with a 68% burn, fluid volume was calculated for a 50% burn but 
with a disproportionately hi~h collold to electrolyte ratio. 
After 48 hours, salt free fluids were administered except for 
treatment of hypotension or low urine volumes suggesting hypo­
volemia. Indwelling arterial catheters were inserted in two 
with measurement of arterial pressure and cardiac output. Be­
cause of technical difficulties these measurements were dis­
continued In the next three patients. Measurements of weight, 
pulse, and respiration; R1311SA blood volumes counted in the 
Volemetron; hematocrit; serum Na, K, Cl, CO2, creatinine, os­
molality and UUN were monitored in each patient at 6-8 hour 
intervals for the first five days postburn. Excretion rates of 
Na, K, Cl and creatlnine in the urine were calculated. 

Results 

No deaths occurred in the resuscitation stage of postburn 
care. All patients in the study group eventually succumbed to 
their injuries, the postburn day of death ranging from 6 to 9. 
All deaths were attributable to pulmonary complications. 

Body weight in four patients revealed an increase from 2-10 kg 
occurring over the first three days postburn with subsequent 
weight loss. 
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In three of four patients blood volume In the first 24 hours 
was less than the predicted normal. In each of these patients 
and in the fifth, whose initial determination was In the second 
24 hours, blood volume rose progresslvel) during the second 24 
hours. 

Hematocrits fell progressively in all patients. Serum 
sodium and chloride concentrations were normal In four patients 
and high in one during the first 72 hours postinjury. The last 
patient had a deep third degree burn over 87°/o of his total body 
surface with a high predicted evaporative water loss. Serum 
electrolyte values after 72 hours followed no consistent pattern. 
Serum potassium concentrations were within normal limits except 
for high values noted 30 hours postburn in one patient with 
decreased renal function on admission. Serum bicarbonate con­
centration fell below 20 mEq/L within 72 hours in two patients, 
within 96 hours in two patients, and remained normal in one. 
Significant correlation~ with type of topical therapy, I.e., 
carbonic anhydrase Inhibiting or noncarbonic anhydrase in­
hibiting sulfa creams, could not be made. 

Creatinlne concentrations and BUN remained normal during the 
resuscitation of three patients. In two, admission levels were 
significantly elevated. The latter were the largest burns In 
the group, i.e. 75% and 87°/o. 

Arterial pH was increased for at least 48 hours in all pa­
tients following institution of fluid resuscitation. These 
values were associated with low pC02's as previously reported. 
In all five patients subsequent respiratory failure was as­
sociated with diminished pH levels and a rising pC02. ~rterlal 
p02 was normal during the first 72 hours postburn. Subsequent 
hypoxia occurred with pulmonary insufficiency. 

Urine volumes during the first 48 hours ranged from 25-170 
cc/hour. The former levels were obtained in the patient resus­
citated with fluids restricted to a 50°/o burn size despite a 
true 68% burn. A postresuscitation diuresis disproportionate 
to postresuscitative intravenous fluid administration occurred 
in no patient. In the one patient whose urine volume began 
to rise 48-72 hours postburn, the associated rate of intravenous 
fluid administration remained at intraresuscitative levels. 

Creatinine clearances were low in the two 1argest burns. 
Sodium excretion in three patients were greater than 60 micro­
equivalents per minute during the 48-hour resuscitative period, 

f 
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dropping to less than 5 mlcroequlvalents per minute. In two of 
the three within twelve hours after discontinuing administra­
tion of salt containing solutions. The third of these patients 
had persistent hypernatremla and with continued administration 
of a large volume of fluids pos tresuscltatlon had a persistent 
natrluresls with an even more pronounced diuresis. Chloride 
excretion paralleled or remained below sodium excretion. 
Potassium excretion ranged from 60-130 mlcroequlvalents per 
minute throughout the resuscitative phase and into the post­
resuscitative phase In each patient. Urinary urea nitrogen and 
osmolallty levels were unremarkable. 

Discussion 

Survival Into the sixth postburn day demonstrated the 
adequacy of Initial fluid resuscitation In these five patients 
with extensive burns. Parameters of cardiovascular and renal 
function reflecting adequate resuscitation were rising blood 
volume during the second 24 hours and sustained urine output. 
The weight gain and hematocrlt fall have been previously 
documented. Serum chemistries were normal except for depressed 
renal function studies In two...patlents. With resuscitation 
no further Increase In the BUN or creatlnlne occurred In either. 
Arterial gases and pH were unremarkable. 

Urlno volumes were adequate In each patient. In three 
patlen~s they ranged from 30-190 cc per hour. Each was ad­
ministered flulds according to true burn size without the 50% 
maximum suggested by the Brooke Burn Formula. In the two pa­
tients given fluids for a 50% burn, the urine volumes were 
lower, 20-120 ml/hr, but resuscitation was no less satis-
factory as evidenced by blood volume and vital signs. All five 
patients had pulmonary deaths, making the postresuscltatlve 
significance of the different resuscitative fluid loads difficult 
to assess. 

The appearance of a postres~scltative Increase In urine vol­
ume In only the single patient with a continued high Intravenous 
Input attests to the propriety of decreasing the rate of fluid 
administration on the second postburn day. With a return to 
normal capillary permeability, the mobilization of extravascular 
resuscitation fluids ls expected. Although theoretically this 
could reach high ievels, In no patient In this study was an 
excessive curtailment of Intravenous fluid administration 
necessary to maintain a urine output less than 100 ml/hr. This 
may reflect the large burn size with the excessive evaporative 
water loss seen In this particular patient group. 
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The natriuresis In three patients probably reflects favorably 
on the adequacy of electrolyte administration. The equally 
significant sodium conservation after discontinuing salt admini­
stration would suggest that sodi ,Jm lostextravascularly during 
early resuscitation does not re-enter the vascular space as 
rapidly as previously thought. It may also reflect inadequate 
sodium administration after the classic 48-hour resuscitation 
period after which the Brooke Burn Formula prescribes only 
salt free fluids except for specific Indications. 

Most Importantly this study has shown the relevance of 
systematic observation of parameters such as blood volume and 
urinary sodium excretion. These are readily obtalnable,and 
added to the urine volumes and measurable vital signs should 
lead to a more accurate assessment of the physiologic status 
of the extensively burned patient. 

Summary 

Serial measurements of blood volume, vital signs, and serum 
and urine chemistries were made in five patients with lethal 
burns of greater than 50% of the total body surface.. No resus­
citation period occurred. Resuscitation as measured by blood 
volume and urine output was adequate in all patients. In three 
patients fluids were administered according to true burn size 
rather than restricted to those for a 50°/o burn as described 
by the Brooke Burn Formula. In only one patient was a post­
resuscitative diuresis documented. This was associated with 
a necessary continued administration of high fluid volumes. 
The natriuresls accompanying resuscitation seemed to cease 
abruptly when patients were given no electrolyte solutions. 
Blood volume and urine sodium excretion are easily obtainable 
data which are useful In monitoring the extensively burned 
patient. 
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were controls. Group II were resuscitated according to the Brooke formula; Group Ill 
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25. (U) Group I dogs received no resuscitation. Group II dogs received 10.8 
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Na levels were significantly higher in Group IV as compared to the other animals. 
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using labe ll ed i so t opes • 
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Clinical reports have suggested the value of hypertonic 
lactate saline in the resuscitation of burn patients. A study 
was undertaken to evaluate this mode of resuscitation against 
conventional isotonic resus~itation. Four groups of dogs sub­
jected to a 40% total body surface scald burn and resuscitated 
by one of four methods: control, Brooke formula, one-half 
Brooke formula and 300 mEq Na/L lactate saline. All dogs 
receiving fluids were adequately resuscitated using the usual 
clinical parameters. The hypertonic lactate saline resuscita­
tion effected a natriuresis and w~ight loss with retention of 
64% of the administered dose. However, the one-half Brooke 
formula dogs had the lowest net Na gain. 

Studies are in progress to evaluate increasing concentra­
tions of Na with HLS resuscitation and to measure fluid shifts 
in HLS using labelled isotopes. 

Hypertonic lactated saline 
Thermal 
Brooke formula 

' 
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HYPERTONIC LACTATE SALINE RESUSCITATION IN THERMAL INJURY 

Continued interest in the optimal mode of fluid therapy for 
the successful treatment of burn shock has led to the study of 
many different intravenous fluids. No single fluid or combination 
of fluids currently in use stands out as being clearly superior 
in treating previously healthy young adults. These patients have 
a great physiologic reserve permitting accommodation to extremes 
of volume and composition of resuscitation fluids. In these 
patients it ls unusual to encounter serious early problems secon­
dary to adequate resuscitation except in very large burns.Children, 
older individuals and those with limited physiologic reserve, 
when thermally injured, often experience complications associated 
with cardiovascular overload and excessive fluid and sodium re­
tention. 

The search for a better mode of fluid resuscitation has been 
directed toward effecting minimal positive fluid and sodium load 
while simultaneously providing adequate resuscitation. Secondary 
desirable qua I I ties of this new solutio.1 would be to minimize 
wound and peripheral edema, eliminate the need for colloid, 
diminish postburn Intestinal lleus, and maintain good urine flow. 
Recent Investigations using hypertonic lactate saline solution 
for resusciyatlon suggest that this fluid may fulfill these re­
quirements. 

The purpose of this study was to evaluate hypertonic lactate 
saline solution for resuscitation in thermal injury and to cdm­
pare it with Isotonic resuscitation according to the Brooke for­
mula. In addition, the study was designed to evaluate the in­
dividual effects of volume and sodium loading by administering 
similar sodium loads in unequal fluid volumes. 

Methods 

The experimental design was as follows: 20 healthy, adult, 
mongrel dogs in which weights ranged from 10 to 22 kg were ran­
domly assigned to four treatment groups, five dogs in each 
group. Resuscitation for each group was as shown in Table I. 
Group I received no resuscitation. Group ll · was resuscitated 
according to the Brooke formula, receiving a total of 2 ml/kgrlo 
burn in an electrolyte/colloid ratio of 3:1 in addition to daily 
maintenance water requirements which were calculated on the basis 
of 50 ml/kg body weight of the dog. Group II I was resuscitated 
with fluid volume equivalent to one-half of that predicted by 
the Brooke formula, that is, I ml/kgr/4 burn, with a 3:1 electro-
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lyte/colloid ratio plus, daily maintenance water requirement of 
50 ml/kg. Group IV received hypertonic saline solution In a 
volume of 1 ml/kgrlo burn. The lactate saline solution was pre­
pared under sterile conditions and was composed of 300 mEq of 
sodium, 200 mEq lactate and 100 mEq of chloride. 

Tab le I. Treatment Gro"1ps 

Group - No resuscitation 

Group II - Brooke formula 
2 ml/kg/'/4 burn+ maintenance water 

Group II I- 1/2 Brooke formula 
1 ml/kg/Yo burn+ maintenance water 

Group IV - Hypertonic lactate saline 
(300 mEq/L) 1 ml/kgr/4 burn 

Dogs were conditioned to metabolic cages for three days 
prior to each study. Twenty-four hours before eac~ study, dogs 
were subjected to a brief Intravenous brevane anesthesia for ln­
s~rtion of two central arterial and venous catheters. The dogs 
were returned to the metabolic cages and when awake allowed oral 
alimentation until 12 hours prior to the study at which time 
only access to water was permitted. Measured parameters Included 
cardiac output, plasma volume, heart rate, blood pressure, hema­
tocrit, arterial pH, serum sodium, potassium and chloride. All 
were measured before the injury and again at one, 6, 12 and 24 
hours postinjury, except for the plasma vo•umes which were 
measured prior to the burn and at 8 and 24 hours postburn. Twenty­
four hour urine collections were analyzed for volume, sodium, 
potassium and chloride content. Body weight was recorded at the 
initiation and completion of each experiment. 

Following baseline measurements the dogs were lightly anes­
thetized with Intravenous brevane, subjected to a 40°/4 third­
degree scald burn and returned to the metabolic cages and allowed 
to wake up. All dogs were awake within 20 minutes of the time of 
the burn. One hour postburn, indices were again measured and 
then treatment was begun according to the group to which the 
dogs were assigned. Dogs In Groups II and I II received their 
fluid at rates recommended by the Brooke formula, that is, half 
during the first 8 hours postinjury and the remaining half during 
the subsequent 16 hours. The dogs in Group IV received the hyper-
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tonic solution at a constant rate between one and 24 hours post­
burn. No further anesthesia or analgesia was administered. 

Results 

The volume and sodium loads for each treatment group are 
presented In Table 2. Group I received no fluids. The sodium 
load was very nearly equal for Group II, the Brooke formula group, 
and Group IV, the hypertonic saline group, though their volume 
loads were quite different. The sodium load for the half-Brooke 
formula group, Group Ill, was half that of the Brooke formula 
group and the volume administered roughly half way between the 
Brooke formula and hypertonic saline groups. 

Group 

Na+ (mEq/kg) 

Volume (ml/kg) 

Table 2. Na+ and Volume Load 

0 

0 

II 

10.88 

130 

111 

5.44 

90 

IV 

12.0 

40 

All dogs In each of the four treatment groups survived the 
24-hour postburn period without difficulty. All dogs receiving 
Intravenous fluids appeared adequately resuscitated and remained 
calm and alert. There were no differences among treatment groups 
with regard to changes In heart rate or blood pressure. 

The mean arterial hematocrlt for each treatment group at 
the various points In time are shown In Figure I. For each group, 
there was a rise In hematocrlt during the first hour postburn. 
Resuscitation produced a progressive decrease In the hematocrits 
of Groups 11,11 I, IV, while the unresuscitated control group, I, 
became more hemoconcentrated. 

Inspection of the mean arterial pH, Figure 2, reveals little 
difference between treatment groups at any point in time; the 
values for the three resuscitated groups of dogs are consistently 
above those for the unresuscltated control group. The mild alka­
losis In the three resuscitated groups ls anticipated and is of 
no cllnlcal significance. 

The outstanding difference in serum sodium concentrations, 
Figure 3, is between that of Group IV, which received the hyper-
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tonic ~olution, and the other three groups which received either 
hypertonic fluid or no fluid whatsoever. This e)evated serum 
sodium level of Group IV Is consis ent with clinical observations 
in patients treated with hypertonic saline. Statistical ,inalysis 
by the technic of analysis of variance revealed that there is a 
significant difference between Group IV and the combination of 
the other three treatment groups, at the 1% level. 

No statistical analysis was carried out on the various serum 
potassium levels (Figure 4) as there was no difference between 
the treatment groups of clinical Importance. 

Hean urine flows In ml/hour and the standard deviation of 
the means are presented In Table 3. While urine flow was lowest 
in the unresuscltated control group, I, and highest in the Brook~ 
formula group, II, there was no stat·~tically significant dif­
ference between the rates of flow In an/ of the four groups. 
These experimental results with the hypertonic saline group do 
not corroborate the clinical reports of Increased urine flows 
with hypertonlc saline In burn patients exceeding those achieved 
with stanrlard Brooke formula. 

Group 

y 

-SY 

Table 3. Urine Flow ml/hr 

9.40 

3.41 

II 

18.0 

5.94 

111 

15. 1 

4.64 

IV 

11. 1 

2.58 

In Table 4 are the mean urine sodium concentration In mEq/ 
L for each of the four treatment groups. The values at time zero 
represent the mean concentrations for each treatment group prior 
to Injury. All the 24-hour values represent the mean sodium con­
centrations of the total volume of urine excreted during the 
24-hour postburn period. Analysis of variance of the urine sodium 
concentrations reveals a significant difference between Group IV, 
the hypertonlc saline group, and each of the other three groups. 
There are no significant differences among lhe urine sodium 
concentrations In the other three groups. The excellent natri­
uresls with hypertonlc saline and the lack thereof with the 
Brooke formula parallels the clinical experiences with these 
different forms of resuscitation. 
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Time 
Hrs. 

0 

24 
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Table 4. Urine Na+ mEq/L 

47.7 

25.2 

Group 
II 111 IV 

80.I 49,7 46.3 

39. 7 I 6. I 226. 2 

Urine potassium concentrations were measured on the preburn 
and total volume of the 24-hour postburn collection (Table 5). 
It is interesting to note that during the postburn period the 
urine potassium concentration appeared to be greatest in the 
hypertonic saline treated group. 

Time 
Hrs. 

0 

24 

Table 5. Urine K+ mEq/L 

Group 
II 111 

108.6 81 .2 

96.0 75.0 

73.8 

52.3 

IV 

144.8 

139.4 

The mean cardiac outputs for each treatment group are shown 
in Figure 5. The preburn output is plotted as 100'/o and subsequent 
outputs are plotted as the per cent of normal. Al I four treatment 
groups underwent initial decrease in cardiac output during the 
first hour pos~burn prior to resuscitation. The unresuscitated 
group, I, continued to fall until six hours postburn after which 
there was an increase to 80'/o of the preburn level stabilizing 
there. The Brooke formula group, Group I I, in contrast to the 
half-Brooke formula, Group Ill, and the hypertonic group, IV, 
had returned to normal level earlier. At 24 hours postburn, 
there was marked overshoot by the Brooke formula group, a less 
impressive overshoot of the half-Brooke formula group and 
stabilization at the preburn level by the hypertonic group.These 
changes were all analyzed by analysis of variance. There was no 
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significant difference_ in any of the outputs at the 6 and 12 
hour points, though at 24 hours,there was a statistical difference 
between the three resuscitated groups and the unresuscitated 
group. Within the three resuscitated groups there were no sig­
nificant differences. 

Plasma volumes,Flgure 6,are plotted in a fashi .on simi Jar to 
that of the cardiac outputs with control representing I0Cf/4 and 
subsequent measurements plotted as per cent of. normal. Plasma 
volume fell in the unresuscitated group at all points in time 
whereas between 8 and 24 hours there was return to normal or 
supernormal levels In all of the resuscitated groups. The magni­
tude of the overshoot at 24 hours in each of the resuscitated 
groups paralleled that seen in the cardiac outputs. The greatest 
overshoot was observed with Brooke formula, less with half-Brooke 
formula and the more minimal overshoot with the hypertonic saline 
group. Statistically there was a significant difference at 24 
hours between a 11 resuscitated 'groups and the unresusc i tated 
group, though there was no significant difference between Groups 
I I, I II, IV indicating that the three treatment groups were all 
equally effective in restoring plasma volume. 

The mean sodium balance for each treatment group in mEq/kg 
is shown in Table 6. The mean per cent retained is shown in 
the bottom row. These differences are statistically significant 
(p < 0.01). The hypertonic group retained only 64.3% of the 
administered dose in distinction to the other two resuscitated 
groups. This, of course, is consistent with the natriuresis seen 
in the sodium concentration in the experimental hypertonic-saline 
treated group as well as in clinical reports. 

The patterns of weight change (Table 7) for each treatment 
group are consistent with the total positive fluid and sodium 
gain. The hypertonic group had a natriuresis with an accompanying 
fluid volume producing a weight loss while the other two resus­
citated groups gained weight. 

Discussion 

Many burn resuscitation formulae have been devised since 
it has been realized that burn shock and renal failure can be 
prevented by intravenous fluid administration. Using the clinical 
Indices of blood pressure, urine output, electrolyte balance 
and early survival, all appear cl inlcally adequate except in the 
pediatric and geratic age groups. The ideal mode of fluid re­
suscitation would provide adequate resuscitation while effecting 
a minimal positive.fluid and sodium loading. All conventional 
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Table 6. Na+ Balance (24 hrs) 

Group 
II I II IV 

Na+ Given 0 I0.88 5 .44 12.0 
mEq/kg 

Na+ Excreted 0.67 0.60 0.45 4.28 
mEq/kg 

Na+ Balance -0.62 + 10.22 +4.99 + 7.72 
mEq/kg 

% Retained 0 94.03 91.8 64.33 
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Table 7. Weight 

Group 
II 111 IV 

A Weight -4.2% +3,5°/o +2. lflo -1.73°/o 

isotonic resuscitation results in an appreciable positive fluid 
and sodium load often more than ICf/o of the preburn weight,while 
achieving adequate resuscitation. 

In this study all animals receiving intravenous fluids were 
adequately resuscitated by the usual clinical indices. The hyper­
tonic resuscitation produced a natriuresis, retaining only 64% of 
the administered dose; which coupled with a smaller administered 
volume of fluid resulted in no weight gain. The shift of fluids 
from th~ intracellular to extracellular space to maintain osmo­
lal ity and expand the plasma volume to slightly above normal 
levels appeared wel I tolerated. There was no evidence of decreased 
ce!lular metabolism or metabolic acidosis in any of the Group JV 
animals.In fact,all resuscitated animals were slightly alkalotic. 

It is interesting to note that dogs receiving half Brooke 
formula resuscitation, while retaining almost 92°/o of the ad­
ministered dose, had the smallest net sodium gain. This group 
did gain weight because of the larger administered fluid load. 

There were no ~tatistical differences in urinary output, 
cardiac output or plasma volume between the modes of therapy. 
The Brooke formula resuscitation returned indices to normal 
levels earlier than the other methods and this may be of clinical 
significance. 

We conclude that the efficacy of resuscitation as evaluated 
by the selected indices was roughly equal with the Brooke formula, 
half-Brooke formula and hypertonic lactated saline solution.No 
statistically significant advantages can be ascribed to any of 
these three therapeutic approaches, though all else being equal, 
the minimization of positive fluid and sodium loading achieved 
by the half-Brooke formula and the hypertonlc lactated saline 
is attractive, particularly in patients with limited cardio­
pulmonary reserves. 

' 
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Su1T1T1ary 

Four groups of animals were resuscitated by various methods 
following a 40'/o scald burn. All animals receiving intravenous 
fluids responded equally well when evaluated by selected indices. 
Hypertonic saline resuscitation produced a natriuresis and no 
weight gain. Animals receiving half-arooke formula resuscitation 
had the smallest net sodium gain. These two types of resuscita­
tion may be of advantage clinically in patients with limited 
cardiopulmonary reserve. 
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ABSTRACT 
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Renal function was assessed in 16 burned patients; nine 
studies were done before and after major hemodynamic changes. 
The primary cause of renal failure appears to be due to a de­
creased effect :ve arterial blood volume superimposed on mild 
intrinsic renal disease. 

Burn patients 
Ren~l insufficiency 
Sod i l.lTI and chloride excretion 

' 
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STUDY OF RENAL FUNCTION OF THE THERMALLY INJURED 

In the burn pat;ent populat;on, the ;nc;dence of acute 
tubular necros;s leading to urem;a and requ;r;ng hemod;alys;s 
has greatly dim;n;shed. The decl;ne ;n this complicat;on is 
probably a consequence of a w;de-spread applicat;on of aggres­
sive reg;mens of fluid resuscitation such as the "Brooke Formula". 
The techn;ques of fluid resusc;tation prevent vascular collapse, 
renal ischemia, and the deposition of nephrotoxic substances in 
the renal tubules. Nevertheless, azotemia rema;ns a frequent 
problem, particularly during the latter course of the burn 
injury. Azotemia may occur for several reasons: 

1) The product;on of urea may be increased as from increased 
tissue catabolism, gastrointestinal hemorrhage, tissue necrosis, 
steroids, antibiotics, such as tetracycline, or the ingestion of 
inordinate amounts of nitrogen. 

2) Decreased excretion of urea as ;n 

a) Decreased renal blood flow (states of vascular 
collapse, shock,or vascular disease in the large and small 
arteries of the kidney). 

b) Increased urea back diffusion as in obstructive 
uropathies. 

c) Intrinsic glomerular and tubular disease as glomeru­
litis or acute tubular necrosis. 

Any of these abnormalities may occur to different degrees 
so that acute tubular necrosis may only affect a variable per 
cent of the overall nephron population. If such a situation 
would occur, the remaining functional nephrons would be over­
perfused and, although retaining a remarkable functional capa­
bility, would not be expected to eliminate sodium from the 
urine. If all the tubules were damaged, then decreased reabsorp­
tfon of sodium from the tubular lumen might occur much as fs 
seen in some patients during the polyuric recovery phase of 
acute tubular necrosis. In neither hypothetical instance would 
the urine sodf1.111 concentration be expected to be very low. On 
the other hand, ff the effective arterial volume is reduced as 
in hypoalbuninemfc states, the nephron will be stimulated to 
very active sodi1.111 reabsorptfon and little sodium should appear 
in the urine. This analysis requires that nothing interfere with 
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sodium reabsorption, particularly in the proxirnal tubule. Inhi­
bition of carbonic anhydrase is of particular importance in the 
proximal tubule, a consequence of this inhibition is impaired 
reabsorption of bicarbonate and , possibly sodium; therefore, 
despite other stim,Jli leading to increased proximal reabsorption, 
some sodil.lll will leave the proximal tubule. This sodium may 
ultimately be reabsorbed, particularly at the distal site in 
exchange for potassil.lTI, thereby augmenting potassium excretion. 
Chloride excretion may serve as a better indicator of the state 
of the effect of arterial volume in patients receiving a car­
bonic anhydrase i hibitor. A previous study from this unit 
suggested "non-oliguric renal failure" existed in traumatically 
injured patients, and characterized these patients as having 
azotemia, urine outputs between 540 and 1100 ml/day, and very 
low levels of sodium concentration in the urine (3-31 mEq/L). 1 
The study has several objectionable features, including the 
fact that the observation of urine output, B N, and urine sodium 
concentration was made on different days - as far as 12 days 
apart. Finally, the findings of a low urinary sodium concentra­
tion is not compatible with a model of a diffuse renal injury. 

Methods 

In an attempt to evaluate the cause of azotemia in a series 
of burn patients, glomerular filtration rates and urine chemical 
compositions werestudied in patients whose BUN was greater than 
29 mg%. A series of two to three one-hour clearance periods were 
performed. The patient had been given a single 20 microcurje 
subcutaneous dose of lothalamate-125 iodine, administered one 
hour prior to the beginning of collection periods. A blood 
specimen was collected midway through the collection period. Both 
plasma and urine were analyzed for lothalamate-125 iodine,sodium, 
potassium chloride, urea, osmolality, and creutinine. The plasma 
total solids were also measured, using an AO refractometer. 
Sixteen patients were studied on 25 occasions; in five instances, 
studies were done before and after attempts to expand intravas­
cular volume, and in four patients studies were done before and 
after the intervention of septicemia and shock. In the remaining 
cases, volume expansion was not performed ~ecause it did not 
seem reasonable on the basis of clinical 9rounds. 

Results 

Detailed results of the studies of three patients who were 
volume expanded between the first and subsequent studies are 
shown in Table 1. Table 2 presents the data on all the patients 

' 
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studied. 

In five patients, Numbers 1, 2, 3, 6, 16, the attempts at 
volu·me expansion increased GFR in four of five studies. In each 
of these studies, a significant increase in c.hloride and potas­
sium excretion occurred. If urinar y sodium excretion and urinary 
potassium excretion were summed in each instance , the effect of 
volume expansion resulted in a marked increase i ,1 the sum of 
urinary s1)dium plus potassium excretion in each of the five 
patients. 

In four pa tients, renal function deteriorated from one 
study to the next (Numbers 4, 7, 11, 15). This deteriora t ion 
was usually associated with generalized sepsis. In each patient, 
the glomerular filtration rate decreased. The uri 1 ary chloride 
excretion fell in each instance; and the urinary sodium plus 
potassium excretion fell in three of four studies. One patient 
(No. 12) was studied during the evaluation of acute tubular 
necrosis, ultimately requiring repeated hemodialy~is. In this 
instance, a very low glomerular filtration rate was associated 
with a modestly eleva t ed sodium and chloride excretion pattern . 

The remaining six patients studied had BUN's ranging from 
29 to 79 mg%, and glomerular filtration rates ranging from 17 
to 122 ml/min, with all but one below 71 ml/min. In each instance, 
sodium exc retion was very low, and in five of t he six studies 
chloride excretion wa s low as well. 

Discussion 

Analysis of these data suggests that azotemia in burn 
patients is frequently due to decreased renal perfusion, pre­
sumably due to a decrease in the effective arterial blood 
volume. The effective arterial blood volume is decreased in s0me 
burn patients due to (1) absolute volume contraction due to loss 
of body fluids in excess of intake, (2) decreased plasma oncotic 
pressure, and (3) arteriovenous shunting - presumably in the 
area of the burn injury. 

Absolute volume contraction is most likely to oc ur after 
the initi.11 phase of resuscitation (when the large volumes of 
fluid used i n resuscitation have been discontinued), when the 
patients may receive dextrose and water and continue to lose 
body fluids through (1) draining wounds, (2) at times of sub­
mersion in hypotonic solutions ("tanking"), (3) bleeding associ­
ated with debridement, and (4) via nasogastric suc t ion. 
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The plasma oncotic pressure is reduced as a consequence of 
hypoalbuminemia, hypoalbuminemia being a manifestation of (1) 
extensive transudation of fluid through the burn wound, particu­
larly when some element of venous obstruction is present, and 
(2) extensive metabolic demands in a situation of relative star­
vation. This finding of course varies a great deal with the size 
of the burn, duration and course of the postburn illness, and 
the nature and extent of alimentation. 

The mean per cent t c tal sulids in th.se 16 subjects was 
6.85% : SD 1 .08. The normal pfr cent total solids ranges from 
7 - 9°/o , and suggests that these patients were mildly hypopro­
teinemic. The observation has been made that after the first 48-
72 hour period after injury, when resuscitation has been com­
pleted, that the cardiac output and plasma volumes are both 
above normal .2 These findings suggest, in conjunction with the 
normal to low mean arterial pres~ure, that peripheral resistance 
is reduced. This setting would best be explained on the bais 
of increased shunting, presumably peripherally in the area of 
the burn wound. 

These factors in various combinations and of varying degrees 
of severity are probably playing a role in the patients des­
cribed here. Only an absolute decrease in the effective arterial 
volume and a low plasma oncotic pressure are amenable to treat­
ment. In those patients studied before and after attempts at 
volume expansion, an increase in glomerular filtration rate and 
chloride excretion strongly suggest that a decrease in the effec­
tive arterial voll.lTle had been present, and that therapy aimed 
at correcting these abnormalities had resulted in both (1) an 
increase in renal blood flow - as indicated by an increased 
glomerular filtration rate, and (2) an 'ncrease in the effective 
arterial blood volume is indicated by an increased chloride 
excretion. 

Renal carbonic anhydrase appears to be inhibited during 
the initi~l days of mafenide acetate topical treatment of burn 
patients. ) As a consequence, the rate of bicarbonate reabsorp­
tion is decreased in the proximal tubule, and increased delivery 
of bicarbonate and sodium out of the proximal tubule would be 
expected. Net bicarbonate excretion is increased. Indirect evi­
dence for that in these patients is that the sum of sodium and 
potassium is greatly in excess· of chloride excretion, and the 
other anion presumably is bicarbonate. However, the increased 
sodi~ delivered out of the proximal tubule may not appear in 
the urine. Active ~xchange of sodium for potassium in the distal 
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tubule, driven by aldosterone, may result in the appearance of 
large concentrations of potassium in the urine bu t little sodium. 
Increased levels of aldosterone production have not been docu­
mented but s e em very 1 i ke 1 y on the basis of the excretion of 
large amounts of potassium in the urine and the he~odynamic 
setting of a decreased effective arterial blood volume. 

A prior study emphasized that patients similar to these 
described here had ''nonol i guri c acute rena 1 fai 1 ure". This 
implies that the kidneys of these patients were primarily dam­
aged. One of the features emphasized in this study was the low 
level of sodium excretion in the urine, a feature which may be 
regarded as indicating the preservation of renal function. Azo­
temia, which occurs in the patients described in this report, 
appears to be primarily due to a decrease in renal blood flow, 
super imposed upon a kidney which no 1 onger has ;;. capacity for 
normal function. The response to volume expansion in improving 
renal function or the effect of septicemia and shock in reducing 
renal function tend to support a decrease in renal blood flow. 
The generally reduced glomerular filtration rate under any cir­
CI.Nllstance support the concept of a defective kidney. The persis­
tently increased urine output in these patients represents a 
solute diuresis from a kidney which no longer is able to maxi­
mally concentrate the urine. Therefore, when azotemia appears 
in burn patients treated with mafenide acetate, the first issue 
to be examined i~ whether the effective arterial blood volume is 
low. Blood pressure, pulse, the response to tilting towards 
the erect position, and central venous pressure are helpful 
parameters. The pattern of urine electrolyte excretion should 
be examined with particular emphasis on chloride excretion. 
Finally, the response to expanding the intravascular volume with 
salt and colloid solutions is the most helpful guide to further 
therapy. 

References 

1. Vertel RM, Knochel JP: Nonoliguric acute renal failure. 
JAMA 200: 598-602, 1967. 

2. Pruitt BAJ · , Mason AD Jr, Moncrief JA: Hemodynamic 
changes in the early postburn patient. The influence of fluid 
administration and of a vasodilator (Hydralazine). J Trauma 
2 : 3 6-46 , 1 9 71 • 



24-8 

3. White MG, Asch MJ: The acid base effects of mafenide 
acetate in burned patients. NEJM 264: 1281-1286 (June 10), 1971. 

Publications and/or Presentations 

None 

' 



25 
I . Ao••c• ACCHI- I . DAU OP Ill-A .... 1 ·••o•r CO#r• OL .,. • .,L 

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA OD 6394 71 07 01 DD· DR•E(AR) 6 16 

I , DATI: PRIY IUlll' .. 'f' • . KIND OP' IUIIIIAIIIIV I . IUll~AIIY ICT ... r WO~ HCIIIIIT ... r, _ ••o••oe•O• 1· ot•:~ ......... ]"' ll'ICIPIC DATA · r •IVU o, IUII 
ONTRACTOR ACCl.11 

70 07 01 HI. TERMI NATIOI NA [I YII O NO A. IIOH u~,i· 

10. NO ./ COOIU :• PIIOOIIAM .L.IMIMT l'l'IOJECT MUII IHII TAIi< AIIIA MUll• III •OfllK UNIT HUMeE" 

&, PIUIIARY 61102A 3A06 U02B7JR 01 081 
Ill , CONTlltaUTING . . ,:. . 

c . CONT .. l• UTINO 

1 t. T ITL 1: ,,.,ec•• ••• leC11tttp c •••••lfceU• c..,,• (U) Assessment of I eg Iona I Organ Blood f I 0w and lnt1uence ot 
Fluids - Laboratory Study of Chanqes Seen in Burned Soldiers (44) 

ti . ICIWNTlt,IC A .. O TICMNOLOGICAL AIIIAI• 

003500 C 1 in i ca 1 Medicine 
II, STAIIIIT DATE. t•. IITIMATl:D COIIPL. tlON DATI II. •uNOING AOINC'f' 1 ··· ..... , o-• .. c• IIITNOO 

70 01 71 06 DA I C. ln-Hou ~e 
ll , CONTnACT / URANT 

Applicable Not II , 111.IOUIIIC .. I II TIIIATC A. PIIO,IHIONAL IIAN Y"I b. ,ufrrlDI (In ._.,•-•J 
It. OATll/1:,FtCTIVl. i 1:•PtllATION: ·--..::•-· ,. 
b.. NUll•t.•:• PIICAL 71 .30 8.0 
C. ,,. ... : 4 AIIOUNf : ....... 1•v•••· 

a. ICINO 0,. AWA,-0: f.CUM . AMT. 72 0 0 
11, 1111.-0Nll• LI 000 0,_0 .. NIIATION I ... .. , .. ,o .. lllNG o•GANIIATIOII I 
NAIIII :• US Army Institute of Surgical Research •-•=• US Army Institute of Surgical Research 

Laboratory Division 
ADDlllll"SI :• Ft Sam Houston, Texas 78234 a0011au,•Ft Sam Houston, Texas 78234 

IIIIINCIIIAL INYIITIGA YOIII , ,.,_..,.,. IIM U U J . A~-..,c ,,..,,..,, .... , 

1111111.-oNSl•t.. £ INDIVIDUAL NAIIII :• M J Asch, MAJ• MC 
NAIIIE.: PRUITT 1 B .A., Jr• LTC, MC TILIIIMONI : 512-221-4440 
Tl:LIIIIHON i! 1 i; 12-221-2 720 IOCIAL 11cu•1T'f ACCOUNT NUlll• III : 

II. GINIIIIAL UII AIIOCIATI INYl:ITIGATO•t 

FOREIGN INTELLIGENCE NOT CONSIDERED 
MAIIII : p M Meserol, SP5, MS 
NAIIII : A D Mason. Jr. MD DA 

1••· IC._T..., .. .,. rr•c• .. ••c• ., .. ••-.... ~, ... ,nee,•..,_, 
(U) Regional Organ Blood Fl0w; (U) Radioactive Microspheres 

111. TICMNICAL o • ,ac,1v1 .• ... All'll'IIIOACH, ,,. IIIIOGIIIIU ,,.,,,.,.,. .......... , ,...,,.,.,.. , ... ,,,,.4 ... ,.....,, p ..... , .. , ., ••••• , .. lecllll'ftp c, ... ,,tc-.,, ... c ..... , 

23. (U) Evaluation of regional blood flow In burn shock. 

24. (U) 50 micron radioactive mlcrosphere Inject I or,; large volume Tabor counter. 

25. (U) 70 07 - 71 06 Ability of mlcrosphere technique to assess regional fl ow has 
been val I dated by Injection of Cr51 1 SR 85 and serlum 141 Into the left ventricle of 
mongrel puppies and assessing the percentag~ of radioisotope recovered In total body 
counting and the Isotope distribution. Percentage recovery of Isotope Injected has 
been 94-98% In six whole body count experiments. Quite routinely, the paired organs, 
I • e. • cerebral hem I splieres and the kidneys, receive equal amounts of rad i oac t I v i t y 
and the percentage of Isotope going to the Individual organ system Is what one would 
expect with respect to their blood flow. There has been some difficulty In sepa!"atln~ 
the three Isotopes when they are injected Into the same animal and therefore single 
Isotope Injections will have to be performed. A series of burned dog experiments com-
paring radioactive mlcrosphere distribution when Injected Into control animals, non-
resusc I tated burned animals two hours postburn and burned animals four hours after 
fluid resusc I tat I on has been completed reveal Ing significant early decrease in hepatic 
and renal blood flow which Is largely restored by resuscitation therapy. 

•,. ••ll•M• lo conf,ecfo,• ··- on•'-•••,.• •--.. ,. 

oo•o• 11 1498 Pl'IIEVIOUS EDITIONS 0,- THIS ,-OIIM AIIE O • SOI.IETIE . 00 ,-OIIMS I •eeA . 1 NOV II 
I All ANO •••t·I. I MAIi 61 1,-011 AIIMY USE I AIIIE O • IOL.IETIE . .... 



25- i 

FINAL REPORT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BI()\EDICAL SCIENCES 

REPORT TITLE: REGIONAL BLOOD FLOW IN THE BURNED UNANESTHETIZED 
DOG 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SA'-1 HOUSTON., TEXAS 78234 

July 1970 - 30 June 1971 

Investigators: 

Morris J. Asch, M.D • ., LTC., MC 
Peter M. Meserol., M.S., SPS 
Arthur D. Mason, Jr., M.D. 
Basil A. Pruitt., Jr., M.D • ., LTC., MC 

Reports Control Symbol MEDDH-288(R1) 

UNCLASSIFIED 

' 



25-ii 

ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BI01EDICAL SCIENCES 

REPORT TITLE: REGIONAL BLOOD FLOW IN THE BURNED UNANE STHETIZED 
DOG 

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

Period covered in this report: 1 July 1970 - 30 June 1971 

Investigators: Morris J. Asch, M.D., LTC, MC 
Peter M. Meserol, M.S., SP5 
Arthur D. Mason, Jr., M.D. 
Basil A. Pruitt, Jr., M.D., LTC, MC 

Reports Control Symbol MEDDH-288(R1) 

Using a recently developed microsphere injection technique, 
this study delineates changes in organ blood flow following burn 
injury. Blood flow to individual organs and to carcass were 
measured in 27 dogs divided equally into three groups: control 
(Group A); burned, nonresuscitated (Group B); and burned, resus­
citated (Group C). All dogs were lightly anesthetized during 
burning and were fully conscious during measurements. Cardiac 
output was measured prior to and just after injection of 50 µ 
51cr labelled microspheres. After bead injection, the animals 
were sacrificed and the individual organs were weighed, frozen 
and counted. Using cardiac output and fractional isotope distri­
bution, flow in ml/min/gm of tissue was calculated for each 
organ. 

Cardiac index in normal dogs was 5.77, one hour after in­
jury it fell to 3.78 and after four hours of fluid administra­
tion, it rose to s.68. Flow after burn was unchanged to brain, 
heart, stomach, duodenum, large intestine, spleen, and pancreas 
de ~pite the significant decrease in cardiac index. Specific organ 
flows which were significantly a ltered were as follows: kidneys 
after burn, 59% of control, restored to 71 % with resuscitation; 
liver after burn, 66% of control, restored to normal with resus­
citation; small intestine after burn, 40% of control, restored 
to 70% with resuscitation; carcass after burn, 57% of control ,re­
stored to normal with resuscita t ion. 

Regional organ blood flow Readioactive mi crospheres 



25-1 

REGIONAL BLOOD FLOW IN THE BURNED UNANfST~ETIZED DOG 

Burn shock is characterized by dec r eased cardiac output, 
associated with diminished plasma volume and hemoconcentration. 1 
These hemodynamic alterations are responsive to resus~itation 
with electrolyte and colloid solutions. Restoration of cardiac 
outp ut and plasma volume does not necessarily mean that normal 
volume flow is restored to individual or~ans. Using a recently 
developed microsphere injection technic, this study attempts to 
delineate the changes in blood flow to individual organs after 
burn injury and following the administration of resuscitative 
solutions. 

Me thods 

Twenty-seven adult, mongrel dogs were randomly divided into 
three groups of nine: Group I, control; Group II, burned, non­
resuscitated; Group III, burned, resuscitated. On the day prior 
to each experiment, catheters were placed in the left atrium, 
pulmonary artery and femoral artery. On the day of each experi­
ment, the animals in Groups II and III were briefly anesthetized 
and burned. The burn used was a 40%, histologically confirmed, 
full-thickness scald. All measurements were made in fully con ­
scious animals given analgesia as required. 

Cardiac output was measured by an indocyanine green 1nJec­
tion technic irmiediately prior to and just after injection into 
the left atrium of a measured quantity of 50 micron, 51crlabe1 led 
microspheres. These microspheres were injected one hour after 
injury in Group II and five hours after injury (following four 
hours of resuscitation according to the Brooke formula) in Group 
III. Injections in the control animals were made without any 
sham procedure. After the second d~termination of cardiac output, 
each animal was sacrificed and the individua1 organs were dis­
sected free, weighed and frozen. The microsphere radioactivity 
in each organ was determined in a large volll'Tle scintillation de­
tector. Using cardiac output and fractional distribution of iso­
tope, flow in ml/min/gm of tissue was calculated for each organ. 

Results 

Cardiac index in the control dogs (Group I) was 5.77 liters/ 
min/ meter2; one hour after injury (Group II) it had fallen to 
3.78 liters/ min/met er2, and after four hours of fluid administra-
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t;on (Group III) ;t rose to 5.68 1;ters/m;n/meter2 • Stat;stical 
analysis revealed no difference between the card;ac outputs in 
Groups I and III, both d;ffered s;gn;f;cantly from Group II. 

Indiv;dual organ flow after burn was not changed ;n bra;n, 
heart, stomach, duodenum, large ;ntest;ne, spleen or pancreas, 
desp;te the 35% decrease ;n cardiac output. The act;vity reach;ng 
the lung, wh;ch is an ;ndex of bronchial arter;al flow and sys­
temic arter;ovenous shunt;ng of SO m;cron part;cles, was not 
changed by e;ther injury or resuscitat;on. 

Spec;f;c organ flows wt,;ch were sign;ficantly altered by 
;njury were as follows: kidney, after burn, 59% of control, re­
stored to 71% of control follow;ng resusc;tat;on; liver, after 
burn, 66% of control, restored to normal with resusc;tation; 
small intest;ne, after burn, 40% of control, restored to 70% w;th 
resuscitation; carcass, after burn, 57% of control, restored to 
normal with resusc;tat;on. The estimates of flow to r;ght and 
left kidneys within individual animals agreed well in al 1 groups, 
corroborating method consistency. 

Sunmary 

Burn ;njury, as measured by this technic, caused early 
d;minution of cardiac output and of arterial blood flow to the 
kidneys, 1;ver, small intestine and carcass, while sparing flow 
in a number of organs, including the heart and bra;n. Though 
th;s study does not differentiate between the effect of resusc;­
tation and the effect of the passage of t;me, restoration of 
cardiac output after four hours of resuscitat;on was accompanied 
by restoration of flow to the 1;ver and, surprisingly, the carcass. 
A modest flow def;cit continued in the kidneys and small intes­
tine, but this defic;t was not suffic;ently large to be of major 
importance. For all practical purposes, burn shock, in th;s 
model, was reversed and/or prevented after four hours of resusc;­
tat;ve therapy, w;thout residual major alterat;ons of organ flow. 
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Bradyktntn is a vasopeptide that has been shown to cause 
vasodtlation, pain, increased vascular permeability, smooth 
muscle contraction, and marglnation of leukocytes. Using L. 
Greenbaum•s modification of the ethanol extraction technique 
of Rocha e Silva (Am J Phys 156:261-273, 1949), samples of 
plasma of dogs before and after burning were assayed l!!. vitro 
against guinea pig Ileum for klnin content. A mild elevation 
of plasma ktntn activity was detected in three of six dogs with 
40% total body surface area burns. No significant increase 
could be detected In the plasma of the other three dogs when com­
pared with preburn controls. Similar Inconstant results were ob­
tained when plasma was extracted for bradyklnlnogen content after 
the method of Diniz and Carvalho (NY Acad Set 104:77, 1963). When 
lymph obtained from cannulation of the right thoracic duct of two 
burned dogs was extracted In ethanol and assayed for klnln ac­
tivity, none was found. 

The results of these experiments demonstrate that no signi­
ficant elevation of plasma kinin can be detected In burned dogs 
using these methods. Among several possible explanations for 
these phenomena, the most plausible Include: 

I. High levels of kininase activity destroying most or all 
circulating klnln. 
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2. Leakage of kinins out of the circulation into the 
interstitial tissues. 

3. High levels of a kinin inhibitor that cause deacti­
vation of the kinin system. 

4. Inconsistent nature of as ~ay techniques. 

Because of technical difficulties and these unrewarding 
preliminary results, study is being terminated. 

Bradykinin 
Bradykininogen 
Burns 

I 
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Previous studies at this Institute have Indicated that a 
comblne•i lntravenous-enteral feeding program providing up to 
8,000 kllocalorles per day to patients with extensive thermal 
Injury achieved positive energy balance and prevented extensive 
weight loss. The present study was undertaken to describe the 
effects of such a supranormal caloric Intake on Intracellular 
erythrocyte cation concentration In these patients and to 
attempt to quantitate the effects of this dietary program. 

Twenty-seven adult male patients were included in this 
study and divided into two groups of similar age and extent 
of burn. The mean burn size was 60°/4, with a 31.5% third­
degree involvement. Heparinlzed blood was obtained from 
patients In each group every 3-4 days during their first post­
burn month. In addition, blood was obtained from 14 con­
valescent patients and eight unburned, young adult male 
volunteers for control studies. 

The results revealed a significant elevation of intra­
cellular sodium concentration and decrease in intracellular 
potassium concentration in red blood cells from catabolic, 
thermally injured patients. Erythrocyte sodium concentration 
returned to normal levels in three to five days following 
admini~tration of a combined enteral-lntravenous dietary 
program of 6,000 ki-localories per day. Red blood cell 
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volume, hemoglobin, and hemoglobin concentration were un­
changed in patients treated by standard and supranormal 
dietary programs when compared to unburned controls and 
late convalescent patients. No difference in arterial pH 
was noted between the two test groups, and intracellular 
sodium concentration in serial samples from the same pa­
tient could not be correlated with pH changes. 

Intracellular Cation 
Intracellular Sodium 
Intracellular Potassium 

Parenteral Hyperalimentation 
Supranormal Dietary Intake 

' 
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EFFECT OF A SUPRANORMAL DIETARY INTAKE ON INTRACELLULAR 
SODIUM AND POTASSIUM IN THERMALLY INJURED PATIENTS 

Elevation of Intracellular erythrocyte or muscle sodium con­
centratiyn has been described in patients with congestive heart 
fai1ure4 hyperthyroidism,2 hemorrhagic shock,3 and thermal 
injury. ,5 Resolution of the underlying illness has been as­
sociated with return of intracellular sodium concentration to 
normal levels. However, in the case of thermal injury, acute 
illness may be prolonged despite optimal therapy, and erythro­
cyte cation abnormalities often persist up to eight weeks 
postburn even in patients with small areas of third-degree 
thermal injury.4 

Through the achievement of weight stabilization and 
positive energy balance would appear to be empirically bene­
ficial, almost no information is presently available to quan­
titate the effects of either the pa6enteral hyperalimentation 
regimen developed by Dudrfck et al. or the combined enteral­
fntravenous supranormal caloric dietary program reported from 
this lnstftute.7 The present study was undertaken to describe 
the effects of supranormal calorlc intake on Intracellular 
erythrocyte cation concentration following extensive thermal 
fajury. 

Methods 

Twenty-seven adult, male patients were Included In this 
study and were divided Into two groups. Twenty (Group I) received 
standard Intravenous solutions containing 5% dextrose to which were 
added appropriate quantities of sodium, potassium, chloride and 
vitamins to satisfy dally maintenance requirements. In addition, 
those patients with a functioning gastrointestinal tract were 
served a high-protein, high-caloric enteral diet and were en­
couraged to consume as many calories as possible throughout 
the day. The average dally caloric Intake was 1,609 kllocalories 
(range 93 to 4,807). 

A combined enteral-lntravenous dietary program was begun 
between the fifth and tenth postburn day in the seven remaining 
patients (Group II). All received ~,000 to 4,000 kllocalorles 
Intravenously as a hypertonfc parenteral solution containing 20°/o 
glucose, 5% protein hydrolysate, minerals and vitamins. In ad­
dition, each received up to 4,000 kflocalorles per day enterally 
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either in the form of a hlsh-protein, high-caloric hospital 
diet or as a solution manufactured from semi-synthetic In­
gredients wl ich matched the composition of the above hos­
pital diet. Minimal caloric intakes of 3,000 kllocalories 
per day were maintained, and raloric intake was pro­
gressively increased as rapidly as possible without inducing 
diarrhea or significant glucosurla. A daily intake of 6,000 
kilocalories per day was sought, although it generally re­
quired several days to attain these Intakes. 

The average age of patients In Group I was 24.5 as com­
pared to 28.0 in Group II. All patients had extensive thermal 
Injury with great::-r than 35% total body surface burn. The 
mean burn size was 61.7'/o (31.3% third-degree) In Group I and 
57.8% (31.6% third-degree) In Group II. 

Heparinized blood was obtained from patients In each 
group for the measurement of Intracellular and plasma elec­
trolyte concentrations ever three to four days during the 
first postburn month or until patient expiration. In addi­
t ion, blood from 14 convalescent burn patients (greater than 
40% total body surface burn) one month after complete skin 
coverage and from eight unburned, young adult, male volun­
teers was similarly analyzed for red blood cell, plasma,and 
whole bloQd sodium and potassium concentration by the method 
of Bugyi.ij Mean corpuscular volume, mean corpuscular hemo­
globin, mean corpuscular hemoglobin concentration, and 
arterial blood pH were measured by standard laboratory 
tt:.chniques. 

Results 

Mean red blood cell intracellular sod i um concentrations 
in the unburned controls, In the late convalescent burn group, 
and in the Group II patients were almost identical. Only in 
the Group I patients was Intracellular sodium concentration 
significantly elevated. No consistent differences in plasma 
sodium concentration were noted. Both Group I and Group I I 
patients had significantly lower mean intracellular potassium 
concentrations than the unburned or convalescent subjects. 
No significant differences In plasma potassium concentration 
were noted. 

The normal intracellular sodium concentration in the 
Group II patients appeared to be specifically related to the 

• 

' 
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administration of a supranormal caloric intake. Four pa­
tients initially placed in the Group I dietary program and 
then, after two basel.ine studies, given the supranormal 
c loric Intake of the Group II patients, all showed prompt 
return of Intracellular sodium concentration to normal 
levels. In these patients, not a slngle erythrocyte sodium 
concentration following Initiation of supranormal caloric 
Intake was higher than the baseline intracellular soJium 
concentration in the same subject. 

A comparison of the arterial blood pH levels in the 
Group I and Group II patients revealed no significant pH 
difference related to administration of the combined 
enteral-intravenous dietary regimen. Comparison of the 
red blo d cell indices tn the four groups by statistical 
analysis showed no significant alterations. 

Discussion 

To our knowledge, no therapeutic modality in the treat­
ment of thermaHy Injured patients has previously been re­
ported which has resulted in the correction of this intra­
cellular sodium abnormality. The difference between red 
blood cell sodium concentration In conventionally fed 
patients and In those receiving a supranormal caloric 
dietary program is highly significant (P < .005). These 
results suggest that monitoring of erythrocyte intracellular 
sodium concentration may provide a simple and reliable means 
of evaluating the effectiveness of nutritional support in 
traumatized patients. 

Since no significant difference In arterial pH values 
was found In the two groups of patients tested in this study, 
the observed findings cannot be attributed to pH alterations 
resulting from therapy. Moreover, no consistent correlation 
between serial pH determinations and serial erythrocyte 
cation concentrations was observed In any single patient. 
An Increase of mean corpuscular volume alone might be as­
sociated with alteration of intracellular sodium concen­
tration, and for this reason, red blood cell indices were 
initially monitored. The absence of significant differences 
in the measurements of mean corpuscular volume, mean cor­
puscular hemoglobin and mean corpuscular hemoglobin con­
centration makes any explanation of our results based on 
cell volume untenable. 
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There remain only two possible explanations for the burn 
patient's elevated Intracellular sodium concentration and the 
subsequent Intracellular sodium concentration reduction follow­
ing Institution of supranormal caloric Intake. The Initial 
trauma either results In primary or secondary Inhibition of 
enzymes responsible for active transport across the red blood 
cell membrane or causes physical change In membrane structure 
which in turn inhibits either passive or active molecular 
transport. 

Summary 

1. A significant elevation of Intracellular sodium con­
centration and decrease In Intracellular potassium concen­
tration was found In red blood cells from catabollc, thermally 
injured patients. 

2. Erythrocyte sodium concentration returned to normal 
levels within three to five days following administration of 
a combined enteral-lntravenous dietary program of 6,000 kilo­
calories per day. It Is suggested that erythrocyte Intra­
cellular sodium concent~atlon may reflect the effectiveness 
of nutritional support In traumatized patients. 

3. Red blood cell volume, hemoglobin, and hemoglobin 
concentration were unchanged In patients treated by standard 
and supranormal dietary programs when compared to unburned 
controls and late convalescent burn patients. No difference 
In arterial pH was noted between the two test groups, and 
Intracellular sodium concentration In serial samples from 
the same patient could not be correlated with pH changes. 

4. It is postulated that the observed results can be 
explained by an inhibition of red blood cell active transport 
or an induced defect In the erythrocyte cell membrane as a 
result of thermal trauma which Is reversed by maintenance 
of positive energy balance. 
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Synthetic Aminosol with Dextrose 2Cf/4 appeared to offer 
several advantages over the comnercially available fibrin or 
casein hydrolysates for the parenteral administration of intra­
venous solutions containing nitrogen and carbohydrate. The so­
lution was manufactured in sterile containers, thus reducing 
the possibility of contamination during mixture in the pharmacy 
or on the ward. In addition, all the nitrogen in the solution 
was present as pure synthetic amino acids, and it seemed 
likely that more nutritive value would be obtained from each 
bottle as compared to the hydrolysates in which up to half of 
the nitrogen is present as peptides. 

The solution was administered to eight male patients with 
an ave rage of 44.4% total body surface burn (range 18-82.5%). 
Five of the eight patients had significant associated injuries 
in addition to their burn, and all eight of the patients had 
seve re complications of their burn injury. Three of the pa­
tients had extensive pneumonia; two each had invasive burn 
wound sepsis, renal failure, and cutaneous Herpes. The pa­
tients received intravenous hyperalimentation for an average 
of 19.5 days, although four of the patients had therapy for 
only 5-6 days prior to expiration. No significant chemical 
side e ffects were noted except for transient rises in LDH 
in f ive patients and a transient elevation of SGOT in two 
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patients. Plasma proteins either remained unchanged or increased 
in all except one patient who had an 82.5% total body surface 
burn. Positive nitrogen balance was attained in all patients 
except the latter patient, and weight gain was noted in six of 
the eight patients. Total body weight increased an average of 
3 kg during therapy in the seven patients who attained positive 
nitrogen balance. 

In the few patients in whom a metabolic acidosis was noted 
during administration of the synthetic Aminosol solution, a 
rapid correction of pH was attained by appropriate manipulation 
of the sodium and potassium salts which were utilized for sup­
plementation of the solution. 

Synthetic Aminosol with Dextrose 20% was a promising 
preparation for intravenous administration, although several 
areas for improvement in the formulation of the solution are 
evident. The concentration of amino acids In the final solu­
tion is only 2%, and thus the nitrogen content is considerably 
less than a comparable volume of previously used formulations. 
In addition, the quantity of individual crystalline amino 
acids is probably not Ideal for maximum nitrogen utilization. 
Finally, the Federal Drug Administration has requested with­
drawal of all intravenous solutions produced by the manufacturer 
as a result of bacterial contamination found in other products. 
No infectious complications in this study could be related to the 
intravenous administration of the test solution. 

Parenteral Hyperalimentation 
Amino Acid Intravenous Solution 
Neo-Aminosol 
Synthetic Aminosol with Dextrose 20% 
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With improvement In techniques of fluid resuscitation, con­
trol of infection, and early coverage of the burn wound, re­
emphasis of supportive care of convalescent thermally Injured 
patients has become necessary. Adequate nutritional support Is 
essential for successful wound healing and rehabilitation. This 
is usually achiev~d by the enteral administration of a high 
caloric, high protein hospital diet. The efficacy of this diet, 
however, has never been evaluated in burn patients. 

Prel imlnary studies have involved the monitoring of dietary 
intake in four severely burned patients. Daily determinations 
of total caloric intake, protein intake and body weight were made 
for at least forty days in the ~arly postburn stage. The patients 
consumed two to two and one-half times the amount predicted on the 
basis of basal metabolic rates. This was accompanied by a 15-20% 
loss of preburn body weight. Al I patients took in at least 2 g of 
protein per kg of body weight an three of the patients took in 
3.5 g of protein per kilogram. 

Results from these four patients are Inconclusive. However, 
the 15-20% we ight loss Is lndicative of possible malabsorptlon,and 
gastrointestinal function studies are planned in subsequent 
pa ients. 

High Protein Diet 
Trace Elements 
Gastrointestinal Absorption 

I 
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In the past, methods used for preparing foods for sodium 
and potassium determinations ~ave involved ashing the sample or 
digesting it with various acids. Both methods are time consuming, 
subject to inaccuracies, and, in the case of acid digestion, 
potentially dangerous. Thus, a faster mechanical means of achiev­
ing solution of the sodium and potassium in foods was developed. 

This rapid method of preparing food for electrolyte deter­
minations was compared with the standard wet digest technique 
and was found to be as accurate and reproducible as the standard 
method. This expedient method of food analysis may be of value 
to dietitians who wish to measure the sodium and potassium con­
tents of individual foods, recipes, and standard hospital diets. 

Diet 
Human volunteer 
Electrolytes 
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A RAPID METHOD OF PREPARING FOOD FOR SODIUM ANO POTASSll.11 
DETERMINATIONS 

The analysis of foods and the resulting food composition 
tables form the basis for assessing dietary composition. While 
food composition tables enable the dietitian to estimate the 
sodium and potassium content of diets, food analyses define the 
actual content.1,2 

Flame photometric technique, used to measure sodium and 
potassium, requires that the sample be in solution and free of 
macro particles.3 Methods have been developed to meet these 
criteria for analyses of biological material. Presently, there 
are two basic ~~thods for preparing food f9r analysis. One method 
is to digest the food with acid (wet ash);4 the other to burn 
the simple to an ash and make the ash soluble for analysis (dry 
ash).' Both of these methods are standard accepted procedures, 
but each has the disadvantage of requiring considerable time to 
complete the preparation. 

The dietitian involved in d@veloping, preparing, and serving 
d ~fined sodi1.1n and potassi1.1n diets needs an expedient method of 
analysis to define dietary content. For this purpose, a rapid 
accurate method for analyzing the sodium and potassium content 
of foods has been developed. 

Equipment 

The rapid method is a mechanical means of achieving solu­
tion of the sodi1.1n and potassi""1 in foods. The equipment we have 
employed to accomplish analysis is as follow: 

1. Macro-homogenizer, Virtis Model 16-200, capable of 45, 
000 r.p.m. with stainless steel shaft-blade assembly and teflon 
cap.5 

2. Fluted homogenizing flasks, Pyrex or equivalent, small 
(20 to 200 ml) and large (50 to 400 ml). 

3. Volumetric flasks (1000 ml), Class A tolerance, Pyrex 
or equivalent. 

4. Centrifuge, capable of 1,100 x g. 

5. Filter paper, weight of ash 1per circle less than 0.07mg. 
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6. Flame photometer, Instr1.1nentation Laboratory Hodel 143,
6 without the automatic dilutor for sodium and potassium analy~is. 

7. Standard solutions: 

a. 160 mEq/L sodium, 8 mEq/L potassi1.n 

b. 100 mEq/L sodium, 100 mEq/L potassi1.n 

Method 

To insure an identical homogeneous sample, the foods, except 
liquids and butters, were weighed, dried to a constant weight, 
and pulverized. 

Rapid Method 

The rapid method of preparation consisted of weighing 10.0 
grams of the pulverized sample into a homogenizing flask. A 
quantity of deionized water was added to the homogenization 
flask to allow for a fluidized final homogenized •ample. With 
the hanogenizing flask setting in an fee bath, the food was 
hanogenized at 45,000 r.p.m. for 20 minutes. After homogenization, 
the suspension of food in deionized water was quantitatively 
transferred to a 250 ml volumetric flask. The content of the 
volumetric flask was allowed to equilibrate with room tempera­
ture and then brought to vol\.1119 with deionized water. After ade­
quate mixing, an aliquot was poured into a centrifuge tube and 
centrifuged at 2,000 r.p.m. for 20 minutes. To eliminate fiber 
particles, the supernatant solution was filtered. Finally, the 
filtered supernatant fluid was analyzed by flame photometry. 

Analysis 

t. A series of 100 ml vol\.llletric flasks were set up, one 
for each unknown and one each for a- blank and the two standard 
solutions. 

2. To each flask, 1.0 ml of 1,500 mEq/L lithium was add~d. 

3. To one of the standard flasks, 0.5 ml of the 160 mEq/L 
sodium, 8 mEq/L potassium standard solution was added. 

4. To the other standard flask, 0.5 ml of the 100 mEq 
sodium, 100 mEq potassi1.n standard solution,was added. 
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5. To each unknown flask, 5.0 ml of the filtrate was added. 

6. Each flask was brought to volume (100 ml) with deionized 
water. 

7. Calculations: 

a. Rapid Method 

The machine readout in mEq/L was multiplied by 2.50 
L/10 grams to arrive at mEq/100 grams of dried food sample. 

To calculate the original wet food values/100 grams 
one solves the following equation: 

mEq/100 gm of dried food (dry we~ght) = mEq/100 gm wet weight 
wet we1ght 

b. Precautions for the Rapid Method 

1) When cleaning glassware, the homogenizer's shaft­
blade assembly and its teflon cap, acetone is used to dissolve 
fats, followed by careful rinsing with deionized water. 

2) To prevent air borne contamination and evapora­
tion, flasks and test tubes are sealed with parafilm or its 
equivalent between procedures. 

3) The use of plastic g.loves, when food is hand 1 ed, 
will help prevent contamination. 

4) For already homogenized products, such as milk, 
the homogenization step may be omitted and the sample weighed 
directly into the volumetric flask. 

S) For plain gelatin type products, such as pre­
pared clear gelatin or jellies, using a funnel, weigh directly 
into the volumetric flask, add some deionized water, but do not 
bring to volume, and heat until the product is dissolved. Allow 
the heated material to come to room temperature, then bring to 
volume and continue with the method. This applies to clear 
gelatin and jellies, but not preserves or jams. 

6) When analyzing products with a high fat content, 
for example peanut butter, omit the ice bath. The heat developed 
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during homogenization will ~ake fat more evenly dispersed. 

7) Since the homogenizer incorporates air into the 
sample, with some foods a large amount of foam is transferred to 
the volumetric flask,and interferes with bringing the contents 
to volume. The additior. of a few drops of caprylic alcohol to 
the volumetr i c flask will dissipate the foam. Caprylic alcohol 
does not affect the results of sodium or potassium determinations. 

8) If too much deionized water is added to the 
homogenizing flask, foaming may cause the fluidized sample to 
seep out between the teflon cap, the shaft-blade assembly, and 
the flask, resulting in a lost sample. By adding only enough de­
ionized water to cover the blades or most of the food sample, 
this problem can be eliminated. 

9) The quantitative transfer from the homogenizing 
to volumetric flask requires that all of the homogenate from the 
flask, the shaft-blade assembly, and the teflon cap be transfer­
red by pouring and the use of deionized water. In this instance, 
the use of a washing bottle aids in the transfer of the 
hemogenate. 

To establish the accuracy and reproducib, lity of the rapid 
method, it was compared withs 

Standard wet ash method. Fifteen different foods varying 
in estimated sodium and potassium content, from high to low, and 
consistency from solid to liquid, were selected for comparison. 
The wet ash method of preparation consisted of weighing 1.0 gm 
of the pulverized sample into a SO ml digestion tube. Then, S nil 
of concentrated sulfuric acid and four pyrex glass boiling beads 
were added. The contents were heated until a clear solution was 
obtained for analysis. 

Sodium and potassium analyses were performed on the final 
sample, using an Instrumentation Laboratory's flame photometer 
Hodel 143. The results were calculated to represent the values 
for 100 gm of dried sample. 

Results 

Table 1 lists the food items selected for analysis, and the 
results of the duplicate sodium analyses for each method. The 
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difference between duplicates for the rapid method was 0.563 + 
1.340 mEq sodium/JOO gm of dried food sample; wet ash, 0.932 + 
2.341 mEq scdium/100 gm of dried food sample. 

Table II shows the same results but for potassium. The 
difference between duplicates for the rapid method was 0.279 + 
0.247 mEq potassium/100 gm of dried food sample; wet ash, 0.677 
+ t.102 mEq potassium/100 gm of dried food sample. Liver was 
chosen for comparison because it had been found that acidifica­
tion appeared necessary to release potassi1.111 from organ meats.7 
However, identical results were found for both methods. 

Tables III and IV list the statistical comparison of the 
rapid method of food analyses versus the wet ash method 8by analy­
sis of variance for sodium and potassium, respectively. There 
was no significant statistical difference between the two methods 
for sodium or potassium determinations. There was no significant 
statistical difference between sets for sodium or potassium. Thus, 
statistically, the two methods are essentially the same. 

Theoretical Error 

When analyzing foods which contain high fat and/or fibrous 
materials, a theoretical error can be calculated. For example, 
if 100 grams of bacon, with 50 of the 100 grams being fat, were 
homogenized, transferred, brought to vol1.111e and shaken well to 
obtain a ''representative sample'', a representative sample would 
not be obtained. The reasoning is that fat, being less dense 
than water, would rise to the top of the flask and even with 
mixing would not be evenly distributed throughout the total 
volume: fibrous material would settle to the bottom of the flask. 
Thus, an error resulting in a determined value 10% greater than 
the actual value could be present. With this theoretical error, 
the sodium and potassium values of such foods analyzed by the 
rapid method would be gr~ater than those of the standard method. 
The existence of this theoretical error is supposedly eliminated 
by the standard method. However, Table I (sodium)and Table II 
(potassium) show that the theoretical error was not of apparent 
significance with the rapid method, since the sodi1.111 and potas­
sium values calculated by this method were either lower than 
those calculated by the standard method or not significantly 
greater. 

Discussion 

The rapid method has several advantages when compared to 
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the standard dry ash and wet ash methods. First, it is very fast, 
the analytical results can be obtained in four hours. The dry 
ash method requires a minimal ashing time of eight hours; and, 
to obtain a clear solution, the west ash method required two 
weeks to digest the majority of foods tested in this study.Since 
the dry ash method requires relatively difficult transfers, it 
is easy to lose part of the ash. Transfers are simple with the 
rapid method, with only one quantitative transfer, which is a 
standard laboratory procedure. The use of concentrated sulfuric 
acid (wet ash) is hazardous and requires the use of an acid-re­
sistant hood to insure that vapors are properly eliminated. The 
rapid method is essentially hazard free and is reliable and 
reproducible. The advantages of the rapid method for food analysis 
may make it preferable to the standard method for sodium and 
potassium determinations. 

The ease of the rapid method in comparison to other methods 
will enable the dietitian to analyze individual food items and 
standard hospital diets, thus acquiring food values applicable 
to the geographical area, food supply, and the institution's 
recipes. With greater emphasis upon the role of diets in clinical 
medicine, food analysis by each institution will be essential for 
accurate dietary conputation. It follows that with the continual 
introduction of new varieties -of foods, the use of different cul­
tural practices in crop production and the increased usage of 
convenience foods, food analysis should be an inherent aspect of 
any clinical, research, or dietary activity. 

Conclusion 

A rapid method of preparing food for sodiun and potassium 
determinations is described, which is as accurate and reproducible 
as a standard method. This expedient method of food analysis may 
be of value to dietitians who wish to measure the sodium and 
potassium contents of individual foods, recipes, and standard 
hospital diets. 
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The relationships of transketolase-determined TPP defi­
ciency, febricity, and burn size in thermal injuries were in­
vestigated. While statistical findings did not substantiate 
any relationship, those patients who were febrile on the day 
of analysis had a mean deficiency of 19°/o, while those who 
remained afebrile elicited a deficiency of only 11%. Burn 
size and TPP deficiency could not be correlated. One patient 
followed for 33 days also illustrated the relationship of TPP 
deficiency and febricity reported by others. On febrile days 
the TPP deficiency was greater than 20°/4 1 but this value 
dropped back to within normal limits when the body temperature 
returned to normal. 

Thiamine Pyrophosphate (TPP) 
Transketolase 
Sedoheptulose 
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RED BLOOD CELL THIAMINE PYROPHOSPHATE LEVELS 
FOLLOWING THERMAL INJURY 

In 1969 Gilbert, Susser, and Nolte demonstrated a defi­
ciency of thiamine pyrophosphate (TPP) during febrile human in­
fections.I Deficiencies occurred in patients who were anorexic 
and feverish for one week or longer and in those patients 
debilitated by other infectious diseases. The possibi1ity that 
TPP deficiency might contribute to the morbidity and mortality 
of these patients was of utmost concern. The recognition of 
such a deficiency In patients with underlying disease or injury 
is also of considerable Importance as these individuals are fre­
quently susceptible to secondary infections which respond 
poorly to therapy. 

This investigation was designed to find out if a similar 
TPP deficiency exists In burn patients and plays a role in the 
metabolic disorders associated with thermal injury. 

Methods 

Brin.!!.!.!.• noted the presence of transketolase activity In 
red blood cells and Its applicability In monitoring thiamine 
levels In the body. 2 This enzyme, which has an absolute require­
ment for thiamine pyrophosphate, catalyzes the following reaction: 

xy 1 u 1 ose-5-
phosphate + 

rtbose-5- ~ sedoheptulose-7-
phosphate phosphate + 

glyceraldehyde-3-
phosphate 

Xylulose-5-phosphate Is generated from rubose-5-phosphate via en­
zymatic eplmerlzatlon. 

The determination of TPP was described by Gilbert et al. who 
modified the assay procedure of Dreyfus.3 Erythrocytesfrom adult 
male patients with burns of 30°/4 or greater were collected on the 
5th and 10th postburn days. One patient with a 42% burn was fol­
lowed serially from the day of admission. Normals were obtained 
from personnel in the laboratory. 

Approximately 10 cc of heparinized (1 mg/ml) venous blood were 
centrifuged for 30 minutes at 4•c, the buffy coat removed, and the 
red cells washed once in three volumes of 0.9% saline. The packed 
erythrocytes were then lysed in an equal volume of distilled water • and stored at -70 • Before use the hemoglobin concentration was 
determined spectrophotometrically. Reagents used included 
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Krebs-ringer buffer, 0.002 ~ thiamin pyrophosphate (Sigma 
Chemical Company), 0.036 M ribose-5-phosphate(Slgma), 0.25 mg/ml 
of sedoheptulose-7-phosphate (Sigman), 15% trichloroacetic acid, 
](f'lo sulfuric acid, and 30 mg/ml of cysteine. After incubation 
at 37; sedoheptulose-7-phosphate was measured co1orimetrica11y 
according to Dische.4 The results are expressed in mg of sedo-
heptulose produced per hour per gram of hemoglobin. The ac-
tivity of total transketolase is that quantity of product 
elaborated by the hemolysate to which exogenous TPP (1 ffl!!) was 
added; the TPP-augmentable activity is obtained by subtracting 
the sedoheptulose synthesized by the hemolysate alone from that 
of the total transketolase. Thus, augmentation of transke­
tolase by supplemental TPP reflects the level of TPP-depleted 
apoenzyme in the red cell. TPP deficiency Is merely the per 
cent of total activity attributable to augmentation. 

Results and Discussion 

In Table 1 are presented the results of this investigation, 
together with brief clinical histories of the patients. Pa­
tients 4 and 5 were sampled on the 3rd and 5th days as a result 
of their impending demise. There appears to be no correlation 
between burn size and TPP deficiency. Rather the magnitude of 
thiamine requirements may be determined to some extent by the 
body temperature. Those patients who were febrile on the 
day of analysis had a mean deficiency of 19", while those who 
remained afebrile elicited a deficiency of only 11%; controls 
averaged 13% (Table 2). A mean deficiency of 1(1'/o has been 
reported for normal, healthy subjects. 1 

The relationship between TPP deficiency and febricity is 
more dramatically illustrated In the case of patient 8, who was 
followed for 33 days with 13 blood samples. While febrile from 
days 1 through 8, his deficiency was greater than 2(1'/4; upon re­
turning to normal body temperature on day 9 and remaining there, 
the deficiency decreased to within normal limits. 

Despite these cursory observations and conclusions, the 
data do not withstand rigid statistical analysis. Thus, as noted 
in Table 2, no significance can be attached to the differences 
in total and TPP-augmentable transketolase activities among the 
three subject categories. However, this treatment is no doubt 
1 imited by the small number of samples. 

It must be noted that all patients received upon admission 
the Brooke formula for fluid resuscitation and throughout their 
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hosp i ta 1 stay vitamin supp 1 err,e :1 t:at ion, either int ravenous 1 y or 
in tablet form. This fact, coupled with generally good preburn 
physical status, probably accounts for the relatively low levels 
of thiamine deficiency, regardless of body temperature, in these 
burn patients. Values in the range 30-50°/o are not uncommon 
among patients with severe infection and/or prolonged fever. 1 
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ABSTRACT 
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ULCERATION IN BURN PATIENTS 

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

Period covered In this report: 1 July 1970 - 30 June 1971 

Investigators: Basil A. Pruitt, Jr., M.D., LTC, MC 
F. Daniel Foley, M.D. 
Arthur D. Mason, Jr., M.D. 

Reports Control Symbol MEDDH-288(R1) 

Acute stress ulceration of the gastrointestinal tract has 
been diagnosed In 346, or 11.T/4, of 2,951 burn patients treated 
at the US Army Institute of Surgical Research between January 
1954 and June 1970. In approximately two-thirds of patients, 
hemorrhage was the Initial sign and In almost one-half of these 
It was massive and life-threatening. Sudden, unexplained hypo­
tension and/or lleus occurring late In the postburn period is 
suggestive of Curling's ulcer. Characteristically, the lesions 
are small, multiple, and gastric In location, but In approximately 
one out of six of these patients, both gastric and duodenal 
ulcers were present. Over the past three and one-half years, 
perforation of a Curling's ulcer had occurred at the time of 
diagnosis In 12% of patients. Increased overnight gastric acid 
secretion was noted In only four patients who .subsequently 
developed Curling's ulcer, and three of these had coexisting 
hypercarbla secondary to pulmonary complications which Is known 
to Increase acid secretion. Sepsis Is an additive stress con­
tributing to ulcer development and was present prior to or at 
the time of diagnosis In 7rlo of recent cases. Another factor 
of Importance tn the pathogenesis of Curling's ulcer ts size 
of burn. 

Nonoperative treatment was lnltlally employed in all 

J 
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patients with bleeding, but even if bleeding ceased over one­
third of such patients bled again. Forty-three patients 
required surgical intervention, 32 because of massive hemor­
rhage, seven because of perforation and four because of pro­
longed hemorrhage. The operative procedure of choice is vagotomy 
with antrectomy, but other operations have been employed 
in specific cases. Rebleedi119 followed resection in only 
four of the 32 patients operated upon for hemorrhage. Seven 
of the surgical patients recovered from surgery and regained 
gastrointestinal function, but expired later in their hos-
pital course, and represent potential survivors who, when 
combined with the 16 patients who survived their operation and 
were discharged from the hospital, constitute a potential 
survival group of 54%, in marked contrast to the over-all 
survival of only 23% in this entire population with Curling's 
ulcer. 

Burns 
Gastrointestinal Hemorrhage 
Stress Ulcer 
Curl lng's Ulcer 

' 
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DIAGNOSIS AND TREATMENT OF ACUTE GASTROINTESTINAL 
ULCERATION IN BURN PATIENTS 

Acute ulceration of the stomach or duodenum, first described 
in a burn patient by Swan in 1823 and reported as occurri ng in 
10 burn patients by Curling in 1842, is the most frequent life­
threatening gastrointestinal complication in the burn patient. 
Although no single pathogenetic mechanism has been found to ade­
quately explain the occurrence of this entity , ulcerogenic fac­
tors active In other clinical situations are present in burn pa­
tients, the additive effects of which may tip the physiologic 
scales toward ulceration of the gastroduodenal mucosa. This 
clinical review records the experience of this Institute in the 
treatment of 346 burn patients with a clinical or autopsy diag­
nosis of Curling's ulcer,and draws attention to those co­
existing stresses which appear significant in the development of 
this complication. 

Materials and Methods 

The hospital records of the 346 patients treated at the US 
Army Institute of Surgical Research from January 1954 to June 
1970 were reviewed. The clinical characteristics of each pa­
tient, the location and number of ulcerations, and the morphology 
of the ulcer were recorded. In the case of 43 operative pa­
tients, the Indication for surgery, the quantity of preoperative 
blood replacement, the operative procedure employed, postoperative 
complications, and In those who expired the cause of death were 
noted. 

The records of 394 consecutive burn patients treated at this 
Institute In 1968 ._,ere reviewed to determine what, if any, effect 
pre-existing sepsis had on the subsequent development of Curling's 
ulcer. 

The criteria used to make the diagnosis of Curling's ulcer 
In these burn patients were: (1) ulceration of the stomach or 
duodenum present at surgery or autopsy; (2) gastric or duodenal 
ulcers In the burn patient noted by X-ray; (3) clinical evidence 
of upper gastrolntestlnal bleeding after the third postburn day 
requiring transfusion In excess of that anticipated in the normal 
course of the burn patient; and (4) massive upper gastrointestinal 
bleedlng at any time resultlng In a fall In the hematocrlt of 10 
points or shock and requiring Immediate transfusion. Iatrogenic 
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11 tube 11 erosions were excluded as was hemorrhagic gastritis where 
no discrete ulcers were apparent. 

Results 

The 346 patients with Curling's ulcer included 273 males and 
73 females, and range in age from 35 days to 82 years. The mean 
burn index of the group was 41.7, with a range of 2 to 95. The 
mortality rate was 77%. In 121 Curling's ulcer patients treated 
during the past three and one-half years, the average burn size 
has been 50% of the total body surface wt ha 23% third-degree 
component. In this latter subgroup, the presence of Curling's 
ulcer was diagnosed clinically in 89 patients (74%) and the mean 
postburn day of diagnosis was the 15th. The diagnosis rested on 
clinical grounds alone in only 23 patients, was confirmed by 
X-ray in 9, and confirmed at either surgery or autopsy in 57. 

Curling's ulcers are characteristically round, shallow and 
sharply demarcated, showing no fibrosis and little inflarrrnatory 
change. Those ulcers associated with massive hemorrhage have 
characteristically eroded into a mural vessel following extension 
through the muscularis mucosa. Since 1968, perforation of these 
ulcers had occurred in 12% of the patients at the time of diag­
nosis of their ulcer. 

There were 246 of these patients in whom the site of the ulcer 
was confirmed (Table 1). Gastri~ ulcers (commonly multiple) were 
present in 47'/o of the patients , and duodenal ulcers, more com­
monly solitary, were present in 37'/o. In one out of six of these 
patients, both gastric and duodenal ulcers were present. The 
distribution of lesions in burned children with Curling's ulcer 
was the same. 

Table 1. Site of Curling's Ulcer In 246 Patients, 
1954-June 1970 

No. of Patients 
ft of 

Location Single Multiple Total Ulcers 

Gastric 20 g6 116 47 
Duodenal 64 27 91 37 
Gastric and 39 16 

duodenal 

t 
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In 63% of these patients, upper gastrointestinal hemorrhage 
was the Initial sign, with hematemesis three times more frequent 
than melena. The hemorrhage was massive in 44% of the patients 
with gastrointestinal hemorrhage requiring prompt resuscitation 
in all, and surgical intervention in 32. Distention was regarded 
as a presenting sign In only 9"/4 of these patients and its frequent 
association with sepsis in burn patients makes it relationship to 
Curling's ulcer unclear. Pain as an initial symptom has in general 
been associated with perforation or sudden, massive exsanguination 
and was felt to be the presenting symptom in only 4% of our pa­
tients. In 24% of these patients, the diagnosis was first made 
at the autopsy table and no symptoms or signs had been recorded 
c 1 t n I ca 1 1 y • 

Burn size is directly related to the occurrence of Curling's 
ulcer in a dose response manner, with the incidence of ulceration 
rising to approximately 40% in patients with burns of 70% or more 
of the total body surface. Although no direct relationship between 
sepsis and Curllng's ulcer has been previously confirmed, a fre­
quent association of Infection and Curllng's ulcer as well as 
other stress ulcers has been noted by many other authors. Since 
1967, sepsis had been diagnosed during life In 88°/4 of the patients 
who expired with the diagnosis of Curllng's ulcer made at the 
autopsy table, and In 62% of all the patients In whom the diag­
nosis was made during life. The most common forms of infection 
present In these patients were pneumonia, suppuratlve thrombo­
phlebttts, burn wound sepsis, septicemia, and an assortment of 
other septic processes. A 5-day interval between the diagnosis 
of sepsis and the diagnosis of the Curling•~ ulcer was noted. 

To further analyze the relationship between Curling's ulcer 
and sepsis, the Incidence of Curling's ulcer In 394 consecutive 
burn cases treated In 1968 with and without pre-existing sepsis 
was determined and compared. A significantly greater Incidence 
of Curling's ulcer was noted In those patients with pre-existing 
sepsis. In patients with burns of greater than 50% of the body 
surface, although an additive effect of sepsis was •p~arent, It 
was not significant. In those patients with burns of less than 
50°/4 of the body surface, the greater Incidence of Curling's ulcer 
In those with pre-existing sepsis was highly significant, con­
firming the additive effect of the stress of sepsis In these burn 
patients who subsequently developed Curling's ulcer. 

Comments 

Initial nonoperative treatment should be attempted In all 
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patients with Curling's ulcer unless massive, exsanguinatlng 
hemorrhage Is the presenting sign. Even if the Initial hemor­
rhage ceases with medical therapy, one-third of the patients 
with hemorrhage due to Curling's ulcer will reble d. Initial 
blood requirements may be disproportionate to the observed 
bleeding since the occult nature of this complication may lead 
to a dangerously diminished blood volume prior to clinical 
manifestations of hemorrhage. Forty-three patients required 
surgical treatment, either because of uncontrollable hemorrhage, 
36; or perforation , 7. Our reluctance to operate upon these 
patients has been reflected in the average of almost 10 units 
of blood given to the patients prior to surgery, although in 
recent years surgery has been undertaken with less hesitance 
as manifested by the decrease to approximately 7 units In the 
average amount of blood given preoperatively. 

Excision of the ulcer is of primary importance with ad­
dition of a vagotomy to diminish whatever acid secretion is 
present and for Its beneficial effect upon the gastric mural 
vasculature. The operations employed in the 43 operative 
cases and the operative results associated with each opera­
tion are shown in Table 2. Our experience with nonresectional 
therapy is both limited and discouraging. Our operation of 
choice is vagotomy with antrectomy to preserve as much gastric 
mass as possible consistent with excision of the ulcer. If a 
more extensive gastric resection Is necessary to remove the 
offending ulcer, we advocate subtotal gastrectomy and omit 
the vagotomy. 

Table 2. Type of Operation 

Total 
Operations No. Survivors Deaths 

Subtotal gastrectomy 20 8 12 
Vagotomy and antrectomy 14 5 9 
Vagotomy and pyloroplasty 4 I 3 
Vagotomy and gastrojejunostomy 2 2 
Plication of ulcer 3 3 

43 16 (37%) 27 

Postoperative complications in the surgical group were 
commonly related to conditions which existed preoperatlvely. 
Pneumonia was the most frequent postoperative complication, re­
flecting the fact that it was th£ most common pre-existing septic 

t 
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complication in these Curling's ulcer patients. Rebleeding oc­
curred in only 4 of the 32 patients in whom operation had been 
undertaken because of hemorrhage and then only in those patients 
in whom a duodenal ulcer could not be excised (2) or patients 
who developed an anastomotic leak and/or peritonitis. 

Thirty-seven per cent of the operative group (16 patients) 
survived and were discharged from the hospital. Seven of the 
surgical patients who expired later In their hospital courses 
with other complications had recovered from surgery and regained 
gastrointestinal function and represent potential survivors. 
When the ac ··ual survivors are combined with the potential sur­
vivors, an o~erall .potential salvage of 54% was achieved compared 
to the survlvai of only 23% of this entire population with 
Curling's ulcer. 

Sunmary 

Of 2,951 burn patients treated at this Institute between 
January 1954 and June 1970, 11.7% developed Curling's ulcer. 
Pre-existing sepsis ls an additive stress significantly predis­
posing the patients with smaller burns to the development of 
Curling's ulcer. Curling's ulcer is directly related to burn 
size. Approximately one-fourth of burn patients with Curling's 
ulcer will have no symptoms or signs during life, with the 
diagnosis first being made at the autopsy table. Gastro­
intestinal bleeding was the presenting clinical sign In two­
thirds of the patients and was massive In approximately one­
half of these. Solitary Curling's ulcer of the stomach ts the 
most cam,on lesion, but In t6% of patients both gastric and 
duodenal ulcers coexist, and at surgery, exploration of both 
stomach and duodenum is essential. Va9otomy and antrectomy ts 
the operation of choice, but excision of the ulcer, which ts the 
goal of surgical therapy, may require greater gastric mass 
res~~tlon with the surgical procedure tallored to meet the needs 
of the Individual patient. Sixteen of 43 patients undergoln~ 
surgery for Curling's ulcer survived to be discharged from the 
hospital. 
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ABSTRACT 
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A previous report outlined methods of producing gastric 
lesions In the burned rat (Anl Prog Rpt, 30 June 1970, 
Sect 44). Since that report, changes In the response of 
Holtzman strain rats to adrenalectomy and thermal stress have 
been noted, both experimental and control rats showing very 
small lesions at about the same rate of Incidence. These 
leslons are not the frank ulcerations previously reported. 

Efforts to Identify the reason for this change In response 
have been unsuccessful. These efforts are continuing in the 
belief that elucidation of the cause of change In response will 
lead toward Identification of pathogenic mechanisms of the 
originally reported lesions. 

Adrenalectony 
Stress Ulcer 
Curl lng"s Ulcer 
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In a pros pe~t ive s t udy of 180 burned upper extremities 
in 100 pa t ients, the i ncid e nc e o f het e rotopic calcification 
abou t t he e lbow j oin t was f ound t o be 10%. Spontane~us 
r esolu t ion occurre d in fiv e pati ents , and operative correc­
t ion was req u i r ed in t he rema i n ing seve n . 

Pa in and I imi tat ion o f mo t ion at the e lbow prec eded ro­
entg no logic evi denc e o f ca lci f ic a tion in l l out of 12 pa-
t i nts. The occ u rr nee of calci f icat ion was significan ly 
r l a t d t o t he p r esenc e of t hird-degree burns of the ex ­
t r em it y (X

2 
= 14 , p 0.001 ) . In thos e limbs where c a lci­

ficat ion was no t e d, the re was a high incidence of impaired 
mov em nt at the adj oining wrist and shoulder joints as well 
as the lbow (X2 = 57 , ~ < 0.001 ) . By con t rast , prolonged 
b dr st in e i th r th sup ine or t h,e prone position did not 
con t ribut d s ign i f i cant l y to t he deve lopmen t of calcifica­
ti on (x2 = 0 . 83 p > 0 . 5 1) . 
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All patients were subj ected t o f orma l psy c holog ica l 
testing in order to evaluate their insight an d abili ty to 
project their future as a means of as sess ing mo t ivat ion. 
The results revealed no differenc e in th e r espon se of pat i nts 
who developed calcification and t hose who did no t . The s i g­
nificance of a higher mean value of serum calcium in patients 
who developed elbow calcification remains unclea r in vi ew o f 
the localization of this abnormality to one anatomi ca l ar a . 
No significantly greater incidence of e lbow calci f icat ion 
occurred in patients whose limbs were in occ lusive dress ings 
during part of their care nor in patients whos e hand s an d 
e 1 bows we re tempera r i 1 y !,p 1 i nted. 

Heterotop ic cal c ification about the elbow joint appe ars 
to be connected with factors related to the burned ext remi t y 
rather than metabolic.: changes involving the pat i e nt as a 
whole. 

Joints 
Elbows 
Calcium 

Ossification 
Myositis 
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MYO S ITIS O~S I F ICA NS IN BURNS: A PROSPECTIVE STUDY 
OF A DIS ABLING COMPLI CATION OF BURN INJURY 

Ov r th t 18 mont hs , 100 pati ent s a nd 180 burned upper 
xt r miti w r va luat d to e lu c idate factors of importance 

in th put hog n i of myos iti s oss i f i c~ ns . Of the 180 pa­
ti n ts , 12 d v l op d myos iti s oss ificans. Spc,ntar. ~ous r e so­
lut i on occu rred in f iv e p,1 ti n t:s , and operativ_ corr ection 
was r quir d in th rem~ ining seven. 

Mt ri a l s and M t hods 

P1t i nt s dm i tt d to t he s tudy comprised all burn pa-
ti nt s who w r 15 yea rs of age and older. Each patient was 
xam in d w ek ly by a t eam of physici ans , nurses, occupational 

th r ap i sts , a nd physical th e ra pi sts . Blood was drawn for the 
e t rminat ions of calcium, phos phc·u s , a nd a lkaline phosphatase 

I v l s on a we kly bas is. X-r ay s in two planes of the involved 
lbow jo int we r e take n eac h week. The study was conducted 

1n b l i nd f sh ion s o that individu a l teams r espons ible for 
r ord ing t h v riou s parameters did not kn?w the finding s 
of th oth r t ms unti 1 t h con c lu s ion of the s tudy , and al I 
att mpts w r mad to en ure that ma nagement of thes e patients 
wi th t h rm 1 injury was i n no way a lt e red by inclusion in 
th t udy pe r 

In dd iti on , ps ychol ica l e va luat ion was ca rri ed out at 
tw int rvi w: t h f ir t s hortly a ft r admission, at which 
t im th p · i nt s a n w red a numb r of qu st ion s relating 

th ir ab ili ty to p roj ct the ir futur . The patients we r e 
k d h w thy nvi s ion d th ms lves within th e next few 

k , wi th i ~ a y r , and wi th in f iv e yea r s . The r espons es 
nd ccmp r d wi th t h r pons sa t the time of dis­

turn from conv a lesc nt l av . Since the response 
nt ~ t uch qu t ion s i s rega r ded as a sig n of 
I m tu rity nd motivat ion, i t was fe lt that e val­

h i s m nn r wou ld contr ibu t to a n und e r s tandin g of 
yc ho l o ic 1 f cto r , mo ti va tion, and coope rat ion 
with th vc l opm nt of ca lc ificat ion about a joint. 

d nt i a l pa rt of th study becaus it 
r s of th e occ up at iona l therapy t eam 

L uncoope ra tiv than othe rs s howed 
v lopme n t of myositi s os s ifica ns . 



34-2 · 

The physical therapy team included in the study made r gul a r 
evaluation of the range of movement of the elbow joint s in 
qu~stion as well as the adjoining shoulder and wrist joints. 
Measurements were accurately done with a goniometer on a 
weekly basis and recorded. The modality of treatment given 
by the physical therapy team, such as passive, active , or 
assisted active movement at each of these joints \,.,,as also 
recorded. In addition, regul ~r r ecords were made of the pa­
tients' ~ositions in bed, for instance, prone, supine, pre­
dor,dnantly prone, r-,redominantly supine, turned, ambulant , 
etc., and the type and length of splintage of the elbow, 
shoulder, and wrist joint of the affected 1 imb. Clinical 
notation~ were made about the general condition of the patient, 
chemistries were drawn for calcium, phosphate, and alkaline 
phosphatase determinations, and x-rays of the elbow joints 
were taken. Diagrams of the extent and depth of burn injury o f 
the whole patient and of the affected limbs were mad . Regul a r 
records were kept of the operative procedures of each pa ti e nt , 
such as xenografting, homografting, and autografting. 

Results and Discussion 

Evaluation of the data at the conclusion of th e s tudy 
showed that pain and limitation of motion at the e lbow we re 
the first symptoms of developing calcification and p r c ded 
roentgenological evidence of calcification in 11 out of 12 pa­
tients. The cause of calcificiation was significantly rel at d 
to third-degree burns of the extremity (X2 = I~ , p 0.001). 
If calcification were noted, there was a high incidenc of 
impaired movement at t he adjoining wrist and should e r joi n t s 
as well as the elbow (X2 = 57, p 0.01). By contrast , pro­
longed bedrest in eithe r the supine or Lh prone posi Lion d i d 
not appear to contributed significantly to the deve lo p1 11 n t 
of calcification (x2 = 0.83 , p > 0.5) . P ycholog ica l t e s in g 
showed that the ability of the pati ent s t o p roj c t wa i n no 
way relevant to the developm nt of ( alcification . M an 
serum calcium was hi gh r in t hose pa t ien ts but th loca li za­
tion of ectopic ca l cifica tion to th e lbow j oin t s ugg 
th :;i t local factors a re of p ri ma ry impor lanc . Th Lyp of 
sµ lints and t he ty pe of dre s s in gs us d (op n v r sus c l os d) 
likewise did not materially influ ne e t h dev l opm nl o f 
calcification. 
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Several conclusions can be drawn from this study. Hetero­
topic calcification about the elbow joints appears to be re­
lated more to local factors in the burned extremity than to 
metabolic or psychological changes involving the patient as 
a whole. The first warning sign of the development of calci­
fication is pain and limitation of motion. These patients 
should be X-rayed immediately and passive movement abandoned 
should calcification be present. The presence of heterotopic 
calcifir.ation does not necessarily lead to surgery as the con­
dition is capable of spontaneous resolution. 

Presentation 

Munster AM: Myositis Ossificans in Burns. A Prospective 
Study. Presented at meeting of American Burn Assoc, San 
Antonio, Texas, 16,17 Apr 1971. 

Publications 

None 

I 
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This report outlines the result of joint range of motion 
studies in the thermally injured patient for the past four 
years. All patients received early physical therapy and range 
of motion records are kept until time of disposition. These 
records reflect the successful efforts to minimize loss of joint 
motion - and to mairitain function of involved joints. 

Thermal injury 
Limitation of motion 
Normal range of motion 
Preservation of function 
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ANALYSIS OF JOINT RANGE OF MOTION FOLLOWING 
TREATMENT AND HEALING OF BURN WOUNDS 

For the past four years range of mot;on records have been 
kept on al 1 admissions to the Institute of Surgical Research. 
Such has been done in order to evaluate the effect;veness of the 
methods used in the Physical Therapy Section to preserve motion 
and maintain function in the thermally injured pat;ent. 

From 1 June 1970 to 30 December 1970,there were 325 adm;s­
sions to this Institute; of these 247 were included in the study. 
Of the patients followed from adm;ss;on to d;scharge, 177 had 
normal range of motion and 70 had loss of motion ;none or.more 
jo;nts. About 70% of the pat;ents were discharged with normal 
range of motion. Table 1 shows the stat;st;cs for the four-year 
period. 

In the year 1970 ;n the 70 patients who demonstrated loss 
of motion, 138 joints were involved. Table 2 shows the extent 
and site of the limitation ;n these joints. 

Our definition of the three categories of join 1;mitation 
are: 

(1) Acceptable - The range is 1;mited only ;n the f;nal 
arc of normal motion. 

(2) Functional - Approximately 50% of normal joint range -
these patients function ;ndependently in activities of da;ly 
H v; ng. 

(3) Severe Range of mot;on ;s less than 50% of normal -
independent activity ;s 1;mited. 

Summary 

It ;s felt that the program of early act;ve and act;ve 
assistive exerc;se of thermally injured patients has been con­
sistently effect;ve in prevent;ng severe loss of motion and loss 
of function in the majority of our patients. 

Publication 

Dobbs, E.R.: Analysis of Joint Range of Motion Following 
Treatment and Hea Ii ng of Bl•r-n Wounds. In press (J. Trauma). 
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Table 2. Extent and Site of Joint Limitation 

Joint Acceptable Functional Severe Total 

Hand 19 11 6 36 

El bow 29 13 3 its 
Shoulder 12 22 s 39 

Cervical 0 0 3 3 

Knee 7 2 1 10 

Foot 3 1 1 s 
Total 70 49 19 138 

' 



36 

l!SEARCH AND TECHNOLOGY IOllt UNIT SUMMY 
I . ANIIC• •cc• I OAT• 01' •••o•r <:oafllOL 1r•ao1. 

DD- /JH • F. (A H ) 6 J 6 71 07 01 
I , OAT ~ ••cv IUll'•"f' • at•O o, walllA• Y 

70 07 01 D.CHANGE NL 
4 -· ""'' 

10. NO./COOltS·• WOIIK UNIT NUM• C.R 

1102A 08 --------
... co••·· ... YING 

'I T tT1..I ,,,.._ .. •I· ........ Cl ... llf_,'-t c.-, 
(IJ)An Evaluation of the Use of Enzymatic Debridement of Burn 

0 01 
It , COIUflACT l e AN 

• o• ,1.111•••c,1va : 

t.. 11u11e111.• 

Not App1 icable 
......... ,o.: 

c. t"t•I : 4 AIIOUIU : 

e. •••O Of ~'IAflO: f. CUM . AMT . 

•• ••1•01111&e o••••• •••t0• 
.... • US Army Institute of Surgi ca 1 Research 

••0 • 0 • ,• Ft Sam Houston, Texas 78234 

ql•ONl19LI INOIYIOUAI.. 

·••&l Jr, LTC, HC 

FOkEIGN INTELLIGENCE NOT CONSIDERED 

11 ••eouac11 ,,,,.,.,. ......... '-••· .,., 
2 

• · 1'1••0-• oo•oa• 11AT 

•-•,• US Army Institute of Surgical Research 
Burn Study Section 

....... ,. Ft Sam Houston, Texas 78234 

•-·• Pau1 Si 1 verstein, HAJ, MC 
....... _., 512 -221 -4440 
luCIAI. 11cu,11,. ACCOUNT NUIIN .. : 

1AIIOCIATI tNVIITleATOM 

• &lll r 

NAIii : 

Frank J.Ruzicka, CPT, MSC 

,.., •• ........... ,., c•••••••••• c.-., 

2). (uJ Rapid removal of burn eschar by enzymatic means. 

24. (U) Purified proteinases and collagenases wi11 be tested for efficacy in eschar 
debridement by application to male Sprague-Dawley rats which have been given a 30% tota1 
body surface third degree scald burn. 

25. (U) 70 07 - 71 07 - Initial evaluation of Bromelain, a proteolytic enzyme derived 
from the pineapple, has shown it unsuitable for use in its present form because of sys­
temic toxicity and incomplete debridement. Laboratory and clinical trials with Sutilains, 
the proteolyt,c enzyme of the bacteria B. subtilis, is continuir.~. Investigation is also 
under way in the laboratory exploring the possibilities of combining proteases with 
lipases and phospholipases in an effort to achieve more complete debridement of full 
thickness eschar. 
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A laboratory and clinical evaluation of two proteases was 
undertaken to test the efficacy of eschar debridement by en­
zymatic means. After completion of the laboratory part of the 
evaluation, one enzyme, Sutilains, was considered adequate for 
limited clinical trial. 

Further laboratory Investigation was undertaken to compare 
the .!ll vitro digestive indices of the enzymes in reference.to 
pure collagenase by a spectrophotometric method. A diverse 
group of protein substrates was studied that was believed to be 
representative of those found In normal and denatured skin. 
Combinations of proteases plus lipases and phospholipases re­
sulted In no ~nhanced effect of proteolysis. Disc gel electro­
phoresis of the individual enzymes all manifested one or two 
major protein bands and several minor ones, Indicating moderately 
reliable purity of the products. 

Enzymatic Debrldement 
Escher 
Thermal Injury 
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AN EVALUATION OF ENZVMATIC DEBRIDEMENT 
OF BURN WOUND ESCHAR 

Since the advent of topical antimicrobial burn wound 
therapy, there has been a prolongation of the period between 
date of burn and separation of eschar. This delay In escnar 
separation has been noted In both human and animal popula­
tions and ts believed to be due to reduction In subeschar 
bacterial proliferation and hence In bacterial digestion of 
the eschar. While this control of subeschar lpfectlon has 
been vital to the Improvement In burn mortality statistics, 
It has also contributed to morbidity and Increased length 
of hospitalization by delaying the period of homograftlng and 
total autograftlng. 

It would, therefore, seun reasonable to assume that rapid 
removal of burn eschar would favorably affect recovery by per­
•lttlng earlier coverage of the wound and thereby expedite the 
anabolic phase of convalescence provtded control of Infection 
could be maintained. To date, attempts at early removal of 
eschar have been of mechanical or enzymatic nature. Mechanical 
means have failed because of the blood loss associated with ex­
cision of eschar and the difficulty In accurately assessing 
depth of burn. Enzymatic means have also been unsuccessful 
because of the unavatlabtllty of a proteolytic enzyme that 
could distinguish between living and devitalized collagen, and 
the added threat of sepsis arising In the digested tissue. 

Recently, several new c6mpounds have been developed and are 
-available for evaluation. It ts the purpose of this study to 
screen these compounds on an animal model In an attempt to 
evaluate the Ir effectiveness prior to es.tabl lshlng • protocol 
for clinical ~se. 

I. .MIMI Model 

A. Enzyme-- Sutllalns*: 

Methods and Results 

The experiment was divided Into two parts using 
60 white, male, Sprague-Dawley (Holtzmann) rats, 30 rats to 
each part. All rats were anesthetized with barblturaC.s, 
shaved, and subjected to a 20% scald burn. The rats In Part 

* Enzyme suppl'led by Travenol Laboratories. 
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were treated daily for five days starting one hour postburn. 
Rats in Part II were treated In the same manner for five days 
starting 72 huurs postburn. The test material was spread over 
the burn wound a~d surrounding shaved skin twice daily. Any 
loose, dry, or necrotic debris was scraped away with a wooden 
tongue depressor beforP each application. One animal from 
each group was1acrlftcedon day 3 and day 5. 

The 30 animals in each part were divided into six groups 
which received the fol lowing therapy: 

Group 1: 
Group 2: 
Group 3: 
Group 4: 
Group 5: 
Group 6: 

Burn control--no therapy. 
Hydrophilic cream base alone. 
10.22 g Sutllalns and 290.88 g cream base. 
12.77 g Sutttalns and 287.23 g cream base. 
7.66. g Sutllalns and 292.34 g cream base. 

10.22 g Sutilalns and 290.88 g Sulfamylon acetate 
cream (Winthrop Laboratories). 

Enzymatic debrldement was scored subjectively on a 0-4+ 
scdle by three people. At the conclusion of the 5-day treatment 
period, surviving animals were observed weekly until separation 
of the eschar was complete. 

Part I. No evidence of eschar debrlaement was noted In 
either Group I (control) or Group 2(base alone) during the 
5-day treatment period. All groups receiving Sutllalns showed 
evidence of eschar dissolution from the first day on, starting 
as small, dark holes which gradually enlarged and coalesced. 
Debrldement was more rapid In areas where there was greater 
skin metlon and eschar cracking (e.g., neck and between shoulders). 
By the third day of treatment, wounds of the treated rats were 
necrotic and foul smelling and many animals appeared sick. There 
were two deaths on day 4 In Group 6 (Sutllalns and Sulfamylon) 
and one death in Group 3. At the conclusion of five Jays• treat­
ment, It WdS our cllnlcal Impression that enzymatic debrldement 
had occurred, but it was patchy and uneven In depth. In most 
areas there was a deep layer of dermis stlll Intact. The most 
thoroughly debrided areas were about the neck ana between the 
shoulders, where movement of the animal caused cracks In the 
eschar, allowing better enzyme penetration. In this area, de­
brldement was complete to the neck muscles. Eschar separation 
occurred between the 14th-17th days In the treated rats and be­
tween the 21st-26th days in the control Groups I and 2. 

Part II: No evidence of eschar separation was noted In 
Group I or 2 during the 5-day treatment period. There was no 

' 
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evidence of enzymatic debrldement In the treated groups until 
the third treatment day, and In general debrldement was less 
active than In the comparable groups of Part I. By the last 
day of treatment, all eschar In Groups 4 and 6 was crusted 
and partially necrotic. Groups 3 and 5 showed relatively 
little-debrtdement other than patchy dark spots which were 
slowly enlarging. There were no deaths in any animals treated In 
Part II. Group 6 showed the most act ve debrtdement. Final 
eschar separation In the treated groups occurred In the third 
week after treatment was started. The control Groups 1 and 2 
separated 5-7 days later. 

Microscopic examinations In Part I were generally In 
agreement with clinical Impressions. Group 1 confirmed uni­
form third-degree burn In all animals. Enzymatic debrtdement 
through dermis and superficial subcutaneous tissue was un­
predictable, and the barrier layer below which no specimens 
were debrlded appeared to be the muscularts cutaneous trunci 
(pannlculus carnosus). Bacterial colonization of eschar was 
found In all groups except Group 6 (Sutllalns and Sulfamylon). 

In Part II, debrtdement was found to be more superficial 
than In Part I and did.not penetrate dermal collagen except 
In Groups I and 6. 

Sunmary 

In the doses tested, Sutllalns did demonstrate the 
ability to debrlde eschar. Debrldement was generally In­
constant In depth and did not penetrate the pannlculus 
carnosus In most specimens evaluated. There was no evidence 
of adverse effects of the enzyme on unburned skin or muscle. 
The relationship between enzyme and Sulfamylon ts an Interest­
Ing one and merits further Investigation since Sulfamylon did 
appear to prevent bacterial colonization without retarding 
enzymatic activity. 

B. Enzyme--Bromelaln*: 

Methods and Results 

The method of evaluating Bromelatn was the same as that 
for Sutllalns. 

* Enzyme supplied by Dow. 
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Forty-seven 200 g maic 1 Sprague-Dawley rats were sub­
jected to a 20% total body su1·face, third-degree scald burn 
and divided Into three groups: 

Group 1: 
Group 2: 

Group 3: 

5 rats kept as controls. 
21 rats divided Into three subgroups to which 

Brometaln paste was applied unde r a Saran 
wrap and gauze dressing one hour postburn. 
Attempts were made to remove eschar by 
blunt dissection from each subgroup at 1,2 
and 4 hours post-Bromelatn application, 
respectively. Autograft was taken from the 
abdomen and applied to the debrlded wound. 

21 rats divided Into three subgroups and above 
experiment repeated beginning treatment 48 
hours pos tbu rn. 

Group 1--Controt Group: All rats survived burn and lived 
until sacrificed. Attempt to bluntly debrlde eschar one hour 
postburn without application of enzyme partially successful and 
compared hlstologlcally with the results of Bromelaln-treated 
burn. Animals ,acrlflced on 2nd and 6th postburn day con­
firmed consistency of third-degree depth of burn. 

Group 2--Appllcatlon of Bromelaln One Hour Postburn: 

Subgroup .A. Bromelaln left on eschar one hourt4/7 
animals died within 48 hours of treatment. Autopsy revealed 
focal hemorrhages In heart, lung, 1 tver, kidneys, spleen. 
Graft donor sites hemorrhagic. All grafts necrotic. Two 
animals sacrificed 48 hours post-treatment. No graft take 
noted. One animal sacrificed one hour post-treatment. 

SubgrQ B. Bromelaln applled two hours, 4/7 
animals died< hour, post-treatment with same autopsy 
findings. One rat sacrificed one hour, 2 days, 6 days post­
treatment. No graft take noted • . 

Subqrol C. Brome1.aln appl led four hours, 3/7 
animals died~ hours post-treatment with same •utopsy 
findings. Four rats sacrificed at one hour, 2 days, 4 days, 
6 days post-treatment. No graft take noted. 

Orou --Bromelaln lled 48 Hours Pe1tburn. After 
application of Bromelaln or one, an rs to each 
respective subgroup, It was Impossible to bluntly debrlde 

I 
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eschar, and therefore no skin grafting was performed. Only two 
animals of the 21 died within Lt8 hours, and these showed pete­
chlae of the heart, lungs, liver and spleen. The remaining 
animals were sacrificed on the day of the exper iment (two 
animals from each group) and 4 days post-treatment. 

Discussion 

Clinical Impressions 

Bromelaln prepared easily with use of electric mixer. 

Application of Bromelaln satisfactory. No excessive dripping. 

In Group 2 rats, eschar was bluntly debrlded with a tongue 
depressor with much difficulty~ 

The length of time of application did not seem to effect 
ease of eschar removal. 

After removal of e,char, a thick, white, bloodless base 
remained In the wound. Skin grafts applied over this base did 
not take. 

In Group 3 rats, Brome1e1n appeared unable to penetrate 
eschar. Eschar could not be removed bluntly. 

In an attempt to assess any toxic effect of Bromelaln, a 
small amoYnt of the mixed paste was applied under a dorsal 
back flap of three rats. All three animals died within 24 
hours with grossly visible petechlae In the heart and liver. 

Pathologic Findings 

Part I. Rats receiving a 20% full-thickness scald burn 
and killed on the second and sixth postburn day confirm the 
full-thickness depth of Injury hlstologlcally. When the burn 
eschar Is scraped one hour postburn, there Is limited removal 
of the eschar. In addition, there are numerous bacteria 
within and beneath' the necrotic graft. 

Animals kl 1 led between one and fi:»u.r hours fol lowing ap-
pl lcatlon of Bromelaln demonstrate absence of epithelium and 
focal lysls of eschar collagen. Animals kl tied between 2 and 
6 days postburn following a single application of Bromelaln In 
the lnrnedlate postburn period demonstrate an Inconsistent 



36-6 

absence of dermal eschar. Some sections show unchanged eschar, 
i.e., as might be expected in an untreated burn examined at 
this postburn interval. Other sections, however, demonstrate 
lysls of eschar. Spontaneous Invasive bacterial burn wou~d 
infection ts also noted In one Instance. In summary, lysts of 
eschar ts inconstant, and when It occurs, It ts Incomplete In 
the few animals examined. 

The rats that died between 2 and 4 days postburn following 
a single application of Bromelaln demonstrate an intact eschar 
for the most part. There are varying degrees of autolysts, but 
this degree of alteration might be expected In the untreated b~rn 
wound In this model system 4 days postburn. No Invasive burn 
wound Infection ts present that would account for death In 'these 
animals. The focal visceral congestion and hemorrhage noted 
grossly Is a finding of Indeterminate significance. 

Part II. Bromelatn was applied for a duration of one to four 
hours In rats that received a 20°/4 scald burn. Again, some lysts 
is noted In animals killed Immediately after a single application 
of Bromelaln. This effect Is demonstrated by separation at the 
dermo-epldermal Junction and tlnctortal alterations In the dermal 
collagen. Animals killed 4 days following a single application 
of Bromelaln, however, do not demonstrate any striking differences 
from what might be expected In an untreated burn wound. 

No conclusions can be made with any certainty on the basis 
of the limited material available; however the findings suggest 
that a single application of Bromelaln does Increase lysts of 
the eschar. Examination of these burns 4 days following a single 
application, however, falls to demonstrate ary striking effects. 
The effects of repeated applications of Brome laln to the burn 
eschar are not available In this study. 

A dorsal cutaneous flap was excised from three healthy rats, 
and Bromelain was applied and the skin flap returned to its 
original position. Sections of the autograft and wound bed are 
available to study. The autograft is necrotic. A fine layer of 
necrosis is present 1n the wound bed that Involves a microscopic 
layer of fat and skeletal muscle. This degree of necrosis may 
be due to the trauma of original excision rather than Bromelatn, 
and a specific statement in this regard is not warranted. 

Conclusions 

I. Bromelain applied to burn eschar produces epidermal 
lysis and partial dermal lysis in the rat scald model. However, 

' 
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the ability of the enzyme to digest eschar Is Incomplete, 
sporadic and unpredictable. 

2. Split-thickness autografts do not adhere to the 
Bromelaln debrlded burn wound In this model. 

3. The high mortality rate In Group 2 animals sugge$tS 
some toxic effect of Bromelaln, probably due to absorption 
through the fresh burn wound. This Is not seen In the 48-hour 
postburn animals, probably because the Bromelaln does not 
penetrate Into the ha·rd, dry eschar as well as. Into the wet, 
edematous one. 

4. The relation of petechlal hemorrhages In vital orga~s 
to treatment with Bromelaln Is worthy of further examination If 
use of this enzyme Is to be pursued. However, a significant 
cause-effect relationship cannot be proven from this experiment. 

5. Clinical evaluation of this enzyme will not be under­
taken until toxicity studies have been completed and a 
standardized method of effective application has been developed. 

II. In Vitro Comparison of Enzymatic Agents for Debrldement. 

Methods 

Th~ rate of froteln hydrolysis was followed with the 
nlnhydrln method. The st.andard Incubation medium contained 
the fol lowing: 0. 1 ~ potassium phosphate buffer pH 7.0; substrate 
concentratlon--bovlne serum a1bumln (0.5°/4), mlcrocrystalllne 
collagen (0.5%), split-thickness pigskin (8 cm 2 In 10 ml of 
buffer or 16 cm 2 In 20 ml of buffer); enzyme concentration--
for soluble substrates (0.25 mg/ml), for mlcrocrystalllne col­
la9en and pigskin (1.5 mg/ml). Incubation was conducted at 
37. Aliquots of the sample (0.1 ml) were taken at timed 
Intervals and subjected to nlnhydrln analysis. Leuclne was 
used as the standard. 

Hydroxyprollne Analysis. Hydroxyprollne was measured 
according to the method of Mlyada and Tappel.2 Following 
a 60-mlnute Incubation of enzyme with substrate, 1 ml of the 
sample.was hydrolyzed by adding 1 ml of 12 ! HCI and heating 
at 120 for 12 hours. The medium was then neutralized with 
Na0H, water added to 30 ml, and 1 ml of this sample subjected 
to hydroxyprollne analysis. 
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Lipase Activity. Incubation conditions were Identical to 
protease experiments. Concentration of enzyme: lipase (0.5 
mg/ml), phosphollpase A (0.2 mg/ml). Spilt-thickness pigskin 
(16 cm2 In 20 ml of ·buffer) was used. Following a 60-mlnute 
Incubation period at 37•, the skin was removed. The solution 
was acidified with 2 ml of cone. HCI and extracted twice with 
3 ml of pentane and twice with 1.5 ml of pentane. Hepta­
decanolc acid was added as Internal standard. The fractions 
were pooled, evaporated to dryness, and methyl esters of the 
fatty acids were prepared and analyzed by gas chromatography. 
Analysis of total skin fatty acids was accomplished by homogen­
izing I gm of skin In 50 ml of water with a Vlrtls homogenizer 
for approximately 15 minutes. The mixture was lyophlllzed, 
hydrolyzed for 12 hours In 5 ml of 2 ! HCI under nitrogen, and 
extracted and submitted to gas chromatography as above. 

Electrophoresis. Enzymes were subjected to polyacrylamlde 
disc gel electrophoresis at pH 9 and the proteins stained with 
Coomassle Blue. 

Hater la ls 

Sutllalns was obtained from Travenol Laboratories and 
Bromelaln (debrldement grade) from the Dow Chemical Company. 
Collagenase (C ~ostrldlum hlstolytlcum - Type I), lipase 
(steapsln), phosphollpase A (Naia naia venom), and gelatin 
(swine skin - Type I) were purchased from Sigma Chemical Co. 
Collagen (Avltene H - Hlcrocrystalllne Collagen) was obtained 
from the FMC Corporation. 

Results 

A method was developed to determine the rate of protein 
hydrolysis by proteases currently being tested and evaluated 
as debrldlng agents. The nlnhydrln method was found most 
suitable, since the assay method measures amino acid nitrogen 
and thus the release of amine groups following peptide bond 
hydrolysis. The assay was first conducted with the soluble 
substrate, bovine serum albumin. During the first 30 minutes, 
increase of ninhydrin positive substances was linear with 
time when either Sutilains or Bromelaln was used. After 30 
minutes, the rate decreased until no further reaction was 
detected. Proteolysis of pigskin was also followed as a func­
tion of time. The rate for each enzyme used was . found to be 
linear with time for approximately 45 minutes, after which 
all rates decreased. Since eschar contains heat denatured 
proteins, proteolysis of pigskin bolled one minute was 

' 
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followed with time. In a fashion slmllar to native pigskin, the 
rates of all enzymes exhibited llnearlty for the f!rst 30 minutes, 
then decreased. 

In order to assess the mechanism of proteolysis of skin pre­
parations, skin size and enzyme concentration were varied. As ex­
pected, activity Increased with increasing skin size until enzyme 
became llmltlng. Since barriers may exist to the lmnediate Inter­
action of enzyme with protein In the Inner layers of skin,• an 
attempt was made to make the substrate the llmltlng factor by 
measuring activity at various enzyme concentrations. Within the 
wide range of enzyme concentration used, ac lvlty of all enzymes 
used Increased linearly with Increasing enzyme concentration. 

The llnearlty of rat~s observed with all enzymes with 
respect to time when either soluble substrate or pigskin was used 
allowed for direct comparison of the specific activities of the 
enzymes tested with various substrates. Table 1 gives the com­
parison of rates of three enzymes tested with several substrates. 
With bovine serum albumin as substrate, Sutilains displayed 
highest activity followed by Bromelaln with approximately one-half 
the Sutllalns rate. C~llagenase activity was almost Insignifi­
cant with bovine serum albumin. This latter result was expected 
In llght of the high degree of specificity of this enzyme for 
collagen. The small amount of activity observed may be explained 
by the contamination of the enzyme preparation with other 
proteases. 

Pigskin gelatin and mlcrocrystallinecollagen represent puri­
fied preparations of collagen of two forms, heat denatured and 
native. It was of Interest to determine the rates of hydrolysis 
of the proteolytic enzymes on these two forms of collagen. Col­
lagenase showed maximum activity when pigskin gelatin was used 
as substrate (Table 1). However, the rates of the other enzymes 
were not slgnlftcantly different from the collagenase rate. 
The hydrolysis of microcrystal line collagen, on the other hand, 
was greatest when collagenase was used as enzyme. The Sutilains 
and Bromelain rates were JO-fold and 20-fold less respectively 
than the collagenase activity. When pigskin was used as sub­
strate, the rate of protein hydrolysis was highest with ,Sutilains 
and Bromelain. Collagenase exhibited about one-half the rate of 
the other enzymes. Heat denaturation of skin proteins slightly 
increased the Sutilains rate and almost doubled the collagenase 
rate. The Bromelain rate remained approximately the same as with 
native pigskin. 
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Table 1. Rate of Protein Hydrolysis by Prote•se Action on 
Various Substrates 

Specific Activity 
("JIM Leucine/mln./mg. Enzyme) 

Substrate Sutllalns Bromelaln Collagenase 
Enzyme 

Bovine Serum 267.0 117.0 2. 1 Albumin 

P I gs k I n Ge 1 at I n 62.4 53". 1 75.4 

Microcrystal line 9.2 4.7 76.8 Collagen {Avitene) 

Pigskin 59·.o 48.6 29.5 

Bot led Pigskin 79.0 44.8 51.2 

' 
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The nlnhydrln method measures the appearance of amino 
nitrogen as a result of peptide bond cleavage, and the activities 
expressed above represent general protein hydrolysis. Since skin 
represents a complex substrate containing proteins of different 
chemlcal and physical properties, the rate of enzymatic hydrolysis 
toward two major groups of proteins, collagen and noncollagen 
protein, was followed. Since hydroxyproline is present ex­
clusively In collagen, measurement of the release of this amino 
acid as a result of peptide bond hydrolysis indicates the degree 
to which the enzymes can hydrolyze skin collagen. These rates 
may be compared with the rates of general protein hydrolysis 
obtained by the ninhydrln method. Table 2 indicates that Suti­
lains and Bromelain are approximately equally effective in hy­
drolyzing collagen although the former shows greater protease 
activity. Col lagenase, on the other hand, is app_roximately 
six times more effective as either Sutllains or Bromelain at 
digesting collagen in skin. However, the protease activity 
of collagenase is one-half that of the other enzymes. 

Since collagenase is at least six times as effective as 
either Sutllalns or Bromelain at digesting collagen in the 
skin, a study was conductedi~ which Sutllalns was combined with 
collagenase. Table 3 shows the effect of slmple combination 
of Sutilalns and collagenase on proleln breakdown. The ratio 
of the two enzymes was varied in order to find the most ef­
fective breakdown. In all instan~es, no enhancement of proteo­
lysis was observable. The combination rate was only slightly 
greater than the rates of the lndivldual enzymes measured 
separately and added together. In addition to combining a 
protease with collagenase, several llpolytlc enzymes were com­
bined with Sutllains (Table 4). When either phospholipase A 
or lipase was combined with Sutllains, no enhancement of pro­
teolytic activity was observed, even though phospholipase A 
and Sutilalns caused approximately 21% of the total skin fatty 
acid to be released. 

As a measure of the purity of the enzyme preparations 
used In this stud~, electrophoretic patterns of these proteins 
following polyacrylamide disc gel electrophoresis at pH 9 were 
studied. Sutilains shows one prominent band and nine minor 
bands. Bromelain exhibits four equally dense bands. Col­
lagenase contains two prominent bands and five minor bands. 
The trypsin pattern is shown as a control of two times re­
crystallized enzyme. 

Discussion 

Assessment of the eschar separating capability of the 
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various hydrolytlc enzymes must in the f inal instance be made 
In view of the results obtained by l!! vivo application. Highly 
desirable characteristics of any such agent Include speed, 
thoroughness, and uniformity of the enzymatic process, non­
toxicity of the enzyme preparation, and optimum preparation of 
the skin bed for grafting and early wound heal Ing. However, 
tnfonnatlon may be gained as to the actual mode of attack of 
these enzymes with various substrates under .!.n vitro con­
ditions similar to those found when these enzymes were applied 
topically. It ls hoped that such experimentation may lead to 
more fruitful animal and clinical application. 

One question frequently posed as a result of unsuccessful 
enzymatic debrtdement Is why do enzymes fall as therapeutic 
agents. Although the answer may not be tnrnedlately dlscernable 
In most cases, several possible causes for failure can be con­
sidered. For Instance, conditions of the l11111edlate environ­
ment In which the enzyme must act may certainly determine the 
success or failure of a particular application. In this 
regard, unfavorable pH, lack of moisture, by-product fonna­
tlon, and generally poor contact with the substrate may be 
extremely Important. How the enzyme Is applied may also be 
very significant. Furthermore, the potential of the enzyme 
to catalyze particular reactions may be the limiting factor. 
For example, substrate specificity of a protease will determine 
whether proteolysis of a heterogenous group of proteins such 
as are found In skin will be complete. With proteases, self­
destruction can also occur, which may limit the duration of 
effective proteolysis. 

The results of these kinetic studies of several proteases 
on a diverse group of protein substrates Indicated no unusual 
enzyme substrate Interactions. Rates of hydrolysis for a 
soluble substrate such as bovine serum albumin as well as for 
a complex substrate such as pigskin were linear for an initial 
period of 30 to 45 minutes, followed by a decrease of rate. 
Host Interesting were the results of the pigskin hydrolyses. 
Although protein and lipid barriers may exist to the inter­
action of enzyme with all substrate proteins Initially, the 
rates of hydrolysis were zero order. It might be anticipated 
that as more protein substrate became available as a result 
of breakdown of these skin barriers, higher rates would be 
observed. Furthermore, when increasing levels of enzyme per 
unit area of skin were tried, no evidence was found that ex­
posed skin protein could be saturated with enzyme initially, 
a result anticipated If true barriers to optimal enzymatic 
hydrolysis existed. These results would suggest that the 



36-16 

rate of hydrolysis of skin protelns is more a function of the 
nature cf the enzyme used than the availability of substrate. 

To assess the capability of particular enzymes to hydrolyze 
proteins of diverse nature, several categories of proteins were 
examined as substrates. These proteins are representative of 
general protein 9roups found In skin or burned skin. With the 
exception of collagen or Its denatured form, gelatin, Sutilains 
was most effective In causing general protein hydrolysis. Col­
lagenase was most effect with collagen or gelatin but less ef­
fective than Sutilains when either pigskin or bolled pigskin was 
used. Bromelaln was consistenly lower in activity than Sutllalns 
with all substrates used. Since these rates Indicate general 
peptide hydrolysis, their values may not express the potential 
of the en~ymes to catalyze the hydrolysis of particular skin 
proteins (l.£•, collagen). For this reason, hydroxyprollne 
release as a result of protease digestion was followed. The 
results of this study indicated that although Sutllalns ex­
•iibited the best proteolytic activity, It was at least six 
times less effective than collagenase In breaking down collagen 
in pigskin. Since the deeper layers of skin contain collagen 
almost exclusively, effective collagen breakdown could be very 
important for optimal eschar removal. However, the ·high degree 
of specificity of co11agenase may rule out Its use as a success­
ful de~ idlng agent when used alone. 

In view of the previous data on Sutllalns and collagenase, 
a combination of Sutilains and collagenase was evaluated on 
pigskin. In simple combination, no enhancement of protein hy­
drolysis was observed. The rates observed in combination ap• 
peared to be the result of simple addition of rates of the Indi­
vidual enzymes. These results do not rule out the posslblllty 
that such enzyme combinations might be more effective with skin 
preparations containing more collagen than the split-thickness 
pigskin used or that sequential enzymatic troeatment might produce 
more desirable results. Similarly, when s~tilalns was combined 
with lipase or ohosphol ipase ~, no enhancement of protein hy­
drolysis was observed, as might be expected if lipid created a 
barrier against optimal protease Interaction with skin proteins. 
However, as with the Sutilalns-collagenase data, the split­
t hickness pigskin may not be the most suitable substrate for which 
to assess this parameter. 

Summary 

A spectrophotometric method for protein hydrolysis was 
deve loped in order to study the potential of several proteo-

' 
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lytlc enzymes as eschar removing agents. Proteolytic en-
zymes Included In this .study were Sutllalns, Bromelaln, and 
collagenase. A diverse group of protein substrates was studied 
as representative of the type of proteins found In native and 
denatured skin. Results Indicate no unusual enzyme kinetics. 
Rates remained linear for th~ first 30 to 45 minutes, then de­
creased until no further reaction occurred. When the rates of 
protein hydrolysis of these enzymes were compared, Sutilains 
was found to be most active on all substrates except collagen 
and gelatin. In the case of collagen and gelatin, collagenase 
exhibited highest activity. When rates of protein hydrolysis 
were compared with rates of hydroxyproline released with pig­
skin as substrate, although Sutilalns exhibited the highest 
proteolytic activity, this enzyme was approximately six times 
less effective as collagenase at releasing hydroxyprollne. 
Combination of Sutllalns with collagenase or Su i tilains with 
1 lpase showed no enhanced effect of proteolysis. ~olyacrylamlde 
disc gel electrophoresis of the Individual enzyme preparations 
showed all pr·eparations containing one or two major protein 
bands and several minor protein bands, Indicating preparations 
of mocierate purity. 

Publications Hnd/or Presentations 

None 



37 
, . AHIICY ace•-- 1.DATIO,_.,.. ,----· .. -RESEARCH AND T!CHNOLOGY WORK UNIT SUMMARY DA OD 6967 71 07 01 DD-DR•IE(AR)U6 

L DATI "AIV IU ... A'f • . ••••• , IU-A•• .. •u-l;· sc,..- r .... IICUUIT .... 17 . ........... r· -·• •nr• 
i'"'c,,.c DATA• r- 1.IYU .• , IUIII 

At. NEW NA NL TAACTOA ACCIII ,.. •- .,. ........ , 
10. NO./COOII:• ~IIOOIIAM •1.u••NT ~IIOJICT NUMD•II TAM All.A NUIIID•II -K UNIT NUMNII 

.. "····· 61102A 3A061102B71R 01 !EL 
Iii. CONTMOUTIIIO .•,:,•,,: ·=·=·······'''''''''''''' 

;:;:;:;:;:;:;:;:;:; ;:;::;:;:;:;:;:; :;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;: 
;,;,;,;,: :•::::::::::::::;:;:;:;:; ;:;:;:::::;:;:;:;:; :;:; •:•:•:-:-:-: :;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;: 

c. CONT•l•UTINO ,;,;,;,;,: :,;,;,;,;,:,;,;:;:;:;:;: :;::::::::::::;::: •:•:•:•:•:•: :;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:::;:;:;:;: 

I I . TIT\.I ( ftfeC .. ••· • .._. .. CfNellf .. ffat C .. 1• {U) Eva I uat 10n and Preparation o I orma I I n I 1 xec 
Cutaneous Grafts as a Temporary Wou_r:id Co·,~r fo r Burned Soldiers (44) 

••• ,c,111,.,,c AND TICNNOL.OOIC&\. •••••• 

003500 Clinical Hedi cine 
111, ITA1n _,;; T& r•· ahl•A ••w C-rl.aTI- DAT• I I, PUN..,N1t AO•NC'f jM, ,.,.,o.ANCI MTNOD 

70 01 Cont DA I c. In-House 
tf . CONTIIACTI 0•ANT Not Applicable ,e . AIIOUACII II TIIIIATI ...... ,,_ALIIIAN'flll a.. ,uNDl(loo-••J 

a. OATll/l:,,1cT1vl : l • ~IIATION: ---·--·--
~ NUM• lt11 :• PIICA\. 71 .so 13.3 
C. ,,.~. • AMOUNT : YIAII ,-- ··-·· 

• •••o o, ••••o: f,CUM . AMT , 72 • 72 21.0 
It. 11111.-0.lleLI DOD 0110,Uil l IATION I • . .... ,O-IIIOOAOANIIAT- I I 
0111& ,• US Army Institute of Surg I cal Research •""'•=•US Army Institute of Surgical Resdarch 

Clinical Division 
aoo11111:• Ft Sam Houston, Texas 78234 ADO••••f:t Sam Houston, Texas 78234 

"AINCI .. AI. INvelTIOATOA r,-eA NM II II.I . AM-le ,_,,,..""'II 
llll~OlllleLI INOIVIOUAL NAM• :• Paul SI lversteln, MD, MAJ, MC 
IIAIIII: PRUITT Bl N. JR, LTC, MC Tll.l"NONI: 512-221-4440 
TILI .. NONI: 51i-221-h20 IOCIAL HCUAITY ACCOUNT NU• OIA: 

lat . Ol• IIIAL 1111 AIIDCIUI INYIITIOATOAI 

FOREIGN INTELLIGENCE NOT CONSIDERED NA• • I Gilbert Raulston, Co 1, vc ...... , Harrel Walker, MS DA 
.... 1111:. ,_ .. _,.,. __ .... ~ ... , ......... ..,. c, ... , .... ,, ... 1.-, 

(U) Forma 1 in; (U) Cutaneous Grafts; (U) Wound Cover 
11,. T&CNNICA•. oe,1cT1v• .• ,~ A••-ACN .... ••oo••u ,,..,., .. ,...,~,..., ... ,,.,,,.. , ... ,,,. •• .., ....... ........... , ., ............ ,,,. c, ... , ••• ,, .. c .... , 

23. (U) The advantages of fresh al lograft on granulating wounds have been we 11 
demonstrated. However, inadequate supply of cadaver donors has stimulated a 
search for al lograft substitutes. Formallnlzed skin Is an Inexpensive, simple 
product to produce and has demonstrated previously Its ability to funct I on as an 
a 11 ograft substitute. 

24. (U) Fresh al lograft and porcine xenograft will be fixed wt th formal In and studied 
as to optimum time 6f f ixation and adequacy or formal i n washout by quantitative 
determinations of formaldehyde content In skin and w,ish water. Fixed skin will be 
stored In 0.5% forma 11 n unt 11 ready for use. It wt 11 be evaluated In an animal model 
wt th a projected c 11 n i ca 1 trial, If sucessfu I. 

25. (U) 70 01 - 71 06 Laboratory investigation has demonstrated that formalinized 
skin can s pply adequate burn wound cover In the expe rimental an Ima 1 model for up to 
30 days. Formalin content of skin can be reduced by water washes to 0.016%. Ster-
i Ii ty of the skin has been maintained for more than one year when stc:-red 
formaline solution. A clinical trial Is nov, in progress. 

•.a"•"•"'• ro conr,ec to,a u- orl•--•ro,.• e-11o 11el 

DD, ~~".."' .. 1498 P REV IOU S EDIT I O NS Of:" T H I S f" O A M AR E OBSOL E TE . DO ,r- of!'MS , •• , A . 1 N O V ee 
4 N O ~ • e• 1 , 1 MA R ea t F O A . .. M Y USE I A RC OB SO LET E 

In 0.5% 

' 



, 

37-1 

ANNUAL PROGRESS REPORT 

PROJECT NO. 3A06tt02B71R-Ot, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: EVALUATION AND PREPARATION OF FORMALIN-FIXED 
CUTANEOUS GRAFTS AS A TEMPORARY WOUND COVER 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SAM HOUSTON, TEXAS 78234 

July 1970 - 30 June 1971 

Investigators: 

Paul Silverstein, M.D., MAJ, MC 
Gilbert L. Raulston, COL, VC 
Harrel L. Walker, M.S. 
Frank J. Ruzicka, CPT, MSC 

Reports Control Symbol MEDDH-288(Rt) 

UNCLASSIFIED 



• 



37-11 

ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: EVALUATION AND PREPARATION OF FORMALIN-FIXED 
CUTANEOUS GRAFTS AS A TEMPORARY WOUND COVER 

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

Period cove,red In this report: 1 July 1970 - 30 June 1971 

Investigators: Paul Silverstein, M.D., MAJ, MC 
GIibert L. Raulston, COL, VC 
Harrel L. Walker, M.S. 
Frank J. Ruzicka, CPT, MSC 

Reports Control Symbol MEDDH-288(RI) 

Formal ln-·flxed spl It-thickness het'erograft or homograft has 
been found to provide adequate wound coverage for up to 30 
days when applied to 30% total body surface area wounds on the 
backs of white male rats. 

Freshly harvested split-thickness skin grafts are spread on 
fine-mesh gauze, Immersed In 10% buffered formalin for 16 hours, 
washed In distilled water, and stored In 0.5% formalin. Prior 
to use, the skin Is washed In physiologic saline to reduce 
formalin content to 0.016%. 

Serial biopsies of 50 grafted wounds demonstrate excellent 
adherence of the fonnallnlzed graft to the wound bed with 
moderate granulation In-growth and proliferation of fibroblasts, 
minimal Inflammatory reaction, and absence of suppuration. 
When the graft Is stripped from the wound, the bed readily 
accepts autograft. 

Repeated grafting with fonnallnlzed sk.ln does not produce 
sensitization or accelerated rejection. Formal In-fixed skin 
stored for more than five years had no bacterial growth on 
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culture. No external dressing Is required, and motion of the 
grafted part Is not restricted. A cllntcal evaluation of 
fonnallnlzed skin as a substitute for fresh homograft Is now 
In progress. 

Forma 11 n 
Cutaneous Grafts 
Wound Cover 

' 
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EVALUATION Atl) PREPARATION OF FORMALIN-FIXED CUTANEOUS 
GRAFTS AS A TEMPORARY WOUND COVER 

The attributes of viable cutaneous allografts used as ph~­
iologfc. dressings Include decrease In wound pain, evaporative 
water and heat loss, stlmulatlon and protecflon of granulating 
tissue, and suppression of bacterial flora. Unfortunately, 
the llmlted vlablllty and dlfflculty of matching supplyand demand 
restrict the use of such allografts. Previous laboratory Investi-

gation 2 has Indicated that the simple, Inexpensive maneuver 
of formallnlzatlon decreased the antigenicity and Increased 
the shelf life of cutaneous allograft or xenograft. The cur­
rent study documents the effectiveness of such materials as 
temporary wound coverings and disclose~ the hlstologlc basis 
for their non-react1vlty. 

Methods 

Skin grafts 0.010-0.020 In. thick, harvested aseptically 
from recently deceased human donors or anesthetized laboratory 
animals, were spread on fine-mesh gauze, Immersed for 16 hours 
In 10% buffered formalin, washed In distilled water for 24 
hours, and then stored at room temperature In sealed containers 
filled with 0.5% formalin. Prior to use, the skin Is washed 
In physlologlc saline for 30 minutes to reduce extractable 
formal In content to 0.016% •s determined by the method of 
Tanenbaum and Brlcker.3 Specimens produced by this method and 
stored for over 5 years have been proven sterile by cultures 
for bacteria and fungi. 

Grafts were evaluated as temporary physiologic dressings on 
freshly excised 30% total body surface wounds on the backs of 
200 g white, male Sprague-Dawley rats from which skin and 
pannlculus carnosus had been removed. Grafts were subjectively 
scored dally for wound adherence. The end point was that day 
after application when 50% or more of the graft was no longer 
adherent. Comparisons were made between fresh skin and grafts 
fixed In formaldehyde, paraformaldehyde and glutaraldehyde. 
The latter two agents were subsequently discarded because they 
rendered the grafts too Inflexible. 

Results 

Wound coverage by formalinlzed skin when compared in the 
same animal model to fresh human and porcine xenograft and 
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rat allograft (Long-Evans • Sprague-Dawley) revealed that satis­
factory wound coverage was provided for 9.3 t 0.6 days by fresh 
rat allograft, 8.2 t 0.7 days by fresh porcine and human xeno­
graft, and 30.0 t 5 days by formallnlzed xenograft. All wounds 
readily accepted autograft from the rat's abdomen after removal 
of the physiologic temporary grafts, Indicating that the test 
materials had adequately protected the granulating wound bed 
from desiccation and infection. 

The hlstopathology of the graft-host wound Interface was 
studied by injection of 5 cc of lndla Ink Into the rat tall vein 
3 minutes prior to sacrlflc on day 3, 6, 9, 12 and 20 postappll­
catlon of the test graft. Autografted animals demonstrated 
100°/4 graft take with free circulation of carbon particles In 
both granulat ing wound bed and graft on all d.-,s biopsied. Viable 
homograft ,lemonst tated Initial graft take with free circulation 
of Ink particles~~ day 3, but by day 9, carbon particles were 
no longer ovldent In the graft and a classic rejection sequence 
had begun, with thrombosis of graft vasculature and mononuclear 
round cell Infiltration. Neither fresh porcine or human xeno­
graft nor any of the formallnlzed grafts ever exhibited uptak~ 
of ink particles, despite excellent adherence to the wound and 
invasion of host fibroblasts with minimal polymorphonuclear 
or monocytlc Infiltration Into the lower dermal collagen fibril 
networks of the grafts. 

Second and third set application of viable xenograft or 
formallnlzed graft failed to ·manlfest accelerated rejection 
customarily ~een with Immunologically active tissue. Absence 
of clinical Immune response and lack of revascularlzatlon In 
the formallnlzed grafts resulted In their longer survival 
as effective wound covers and suggest that their physical 
properties are of critical Importance In their function as 
"physiologic" dressings. 

Summary 

I. Formalinized split-thickness cutaneous grafts provide 
adequate wound cover.age In an animal model for significantly 
longer periods than those seen with either viable homograft 
or xenograft. 

2. Formalinized skin grafts are Inexpensively and easily 
produced and stored with material readily available In any 
general hospital. 

' 
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3. Formallnlzed skin grafts behave as If lnmunologically 
Inert, and no vascular communications between host and graft 
were observed . 
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Previous animal experiments with knitted and woven forms 
of polyglycollc acid (PGA) films applied to excised wound beds 
elucidated several problems relating to the function of this 
product as a temporary wound cover. Objections to the tested 
specimens Included: (1) stiffness and drying of the membrane 
and wound bed due to evaporation through the material, leadlng 
to sepsis and lack of adherence; (2) retention of large amounts 
of PGA fibers In the wound beds after stripping of the membranes 
from the recipient animal, with resulting multlnucleated foreign 
body reaction. 

It w~s, therefore, concluded that further technological 
development was necessary to overcome the above criticisms. 
Laminates of knitted PGA to semi-permeable membranes were recom­
mended In an attempt to overcome evaporative losses leading to 
desiccation of the wound and bacterial Invasion through open 
interstices In the knitted fibers. During this reporting year, 
no new specimens worthy of laboratory lnvestlgatlonweredeveloped 
by the manufacturer. 

Polyglycollc Acid 
Skin 
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This project was created to study hypertrophlc scarring with 
the purpose of developing an animal model In which scarring could 
be examined and to analyze human scar hypertrophy hlstologtcally 
and therapeutically. 

Results of animal experimentation have been encouraging. A 
hypertrophlc scar conflr.med hlstologlcally has been created In 
one New Jersey Red Duroc pig. Attempts are now being made to 
reproduce this scarring In other pigs. 

Histological examination of hypertrophlc scar punch biopsies 
manifested no comnon characteristics by which hypertrophtc scar 
may be ldei1ttfled. Whorl Ing collagen patterns were not unt­
versal ly found, nor were foreign body tissue reactions. Hyper­
trophic scars from 10 patients were compared to biopsies of 
normal flat scars from other parts of the sarr,e patient's body. 

Therapeutic trials of Dermajet Infusion of triamcinolone and 
hyalurontdase were Instituted, with limited success. Topical 
steroid application via Cordran tape ts also being evaluated. The 
most promising therapy to date has been application of Jobst 
compression stockings for six months after completion of grafting. 
Twenty-eight patients have beens tudled during the past year. 

Hypertrophtc Scar 
Steroids 
Thermal Injury 
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HYPERTROPHIC SCARRING--ETIOLOGY AND CONTROL 

Since the advent of topical antimicrobial therapy, It has 
become apparent that hypertrophlc scarring has Increased In 
patients with healed nongrafted burn wounds. Several possible 
etlologles have been suggested, Including: (I) Incorporation 
of foreign bodies Into the burn wound Increasing and prolonging 
a local Inflammatory reaction; (2) local Irritation from topical 
therapy; (3) genetic predisposition. None of these theories 
has been proven to be uniformly valld. Hypertrophlc scar differs 
cltntcally from kelold In that It Is not genetically Inherited 
and does not tend to expand progressively. Furthermore, It may 
not recur after excision. Over a long period of time, hyper­
trophic scars tend ~o regress and become more elastic; however 
In the Interim there Is severe defprmlty, pain, prurltus, and 
I Imitation of motion when areas around Joints are Involved. 
The purpose of this study Is to elucidate the etiology of 
hypertrophlc scarring In burn wounds and evaluate methods of 
treatment. 

Methods 

(1) Attempt to develop an animal model In which hypertrophlc 
scarring can be Induced In order to further study means of al­
tering collagen synthesis. 

(2) Serial biopsies of human burn wounds with and without 
hypertrophlc scarring and examination of these tissues by 
electron and photomlcroscopy for analysis of collagen bundle 
patterns, cross-I Inking, scar thickness, and presence of foreign 
bodies. 

(3) Photography pre- and posttreatment. 

(4) Measurements of circumference of Involved extremities. 

Discussion 

In the past 70 years, physicians concerned with hypertrophlc 
scarring have recorded pathologic and cl lnlcal characteristics, 
dermographlc and racial predispositions, and Innumerable methods 
of deal Ing with the problem--none of which has survived the test 
of time. Currently, three major types of therapy are generally 
employed:' (1) radlot~rapy, (2) surgical excision, (3) intra­
leslonal steroid lnjectlon--plus combinations of the three. 
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In recent years, new approaches have been developed and 
are in the process of evaluation: (1) control of collagen 
synthes Is by d I rect ly Inf I uenc Ing enzyme-control led react ions 
involved with fibri 1 lar construction and cross-I inking, (2) 
renewed interest in control of the chronic edema seen charac­
teristically in hypertrophlc scar tissue by use of external 
pressure. 

Currently, we are equipped to evaluate two methods of therapy 
on a clinical basis: (1) steroid therapy--lntraleslonal Dermajet 
(intradermal) Injections or application of Cordran tape, (2) 
pressure therapy using the Jobst pressure device, custom made 
to flt body segments of extremities. Since burn scars cover 
large body surface areas, surgical excision and radlotharapy are 
not usually feas Ible except for very smal 1 lesions. The two 
methods chosen for evaluation are more safely •applicable to 
large wounds. Unfortunately, there are no drugs yet available 
to control co 11 agen synthes Is d I rect I y, a 1 though several are 
being tested in other laboratories. 

Both Cordran tape and Jobst stockings can be used by the 
patient on convalescent leave, and the Dermajet treatments are 
given at 2- to 4-week intervals. Jobst pressure devices are 
not used about the chest and are limited to bllaterally burned 
extremities where one extremity can serve as the control for 
the other. Periodic photographs are the major means of evalua­
tion. Biopsies are sparingly employed and confined to the 
1 lmbs. 

Results 

A. Development of an An Ima I Model wl th Reproduc I b 1 e Hypertrophl c 
Scars 

Experimentation with scarification and Introduction of 
foreign bodies Into wounds has failed to produce hypertrophlc 
scar in healthy rats, guinea pigs, and dogs. However, a hls­
tologlcally confirmed hypertrophlc scar has been successfully 
created on the flank of a thermally Injured New Jersey Red 
Duroc pig. The cl lnlcal history and scar maturation fol lowed 
closely the course observed In human burn patients. Attempts are 
now being made to reproduce the scar In other pigs. 

B. Histologic Examination of Human Scar Biopsies 

Scar biopsies from 10 patients were examined for common 
histologlc characteristics, specifically whorled collagen 

I 
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patterns, size and numbers of collagen fibers, chronic lnflanma­
tory reaction, scar thickness, and presence of foreign bodies In 
the wound. Results have falled to demonstrate any common denomln­
&tor characteristic of all hypertrophlc scars. In general, small 
collagen bundles, frequently non-parallel to the skin surface, are 
Interspersed with occasional small clusters of chronic Inflam­
matory cells. No consistent whorl pattern was se~n. Foreign 
body giant cells were present In the few specimens that con­
tained foreign bodtes--comnonly particles of cotton fiber or 
Inverted hair folllcles. 

C. Ther,eeuttc Evaluation 

1. Dermajet Injection of Steroid. 

In nine selected patients, Dermajet treatments were under­
taken at 2- to 4-week Intervals. A mixture of trlamclnolone 
(40 mg/cc) plus 150 units lyophlll 7~d hyaluronldase and 1% 
Xylocalne was used. Doses of 40-200 mg of trlamclnolone were 
Injected at each treatment, depending on the area covered. 
Specific attention was paid to scars of the face and hands. Two 
patients withdrew voluntartly from the study because of pain as­
sociated with the procedure. This treatment was moderately to 
poorly successful In producing cosmetic Improvement Judged by 
flattening and blanchtng of the scars. Symptomatic relief of 
prurttus and pain In the scar was comnonly experienced. Soften­
Ing and stretching of the scar was also achieved In several 
cases. No subcutaneous atrophy was encountered. Treatments 
were not undertaken In Negro patients to avoid the problems with 
deptgmentatton reported In the literature. 

2. Toptcal Appltcatton of Steroid. 

Three patients were treated with topical appllcatlon of 
steroid via Cordran tape applied every 12 hours. Results were 
generally unremarkable, except for local erythema, probably In­
dicative of vasodllatlon or Increased capillary growth In the 
wound. Systemic absorbed steroid levels were not monitored. 

3. Compression Elastic Devices. 

Sixteen patients with bl laterally symmetrical wounds of the 
extremities were fitted with custom-made Jobst sleeves, gloves, 
stockings and leotards. Where posstble, compression devices 
were applied to one extremity shortly after completion of graft 
heal Ing. The treated extremity could then be compared with the 
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untreated one. Compression devices were worn 24 hours a day 
and removed only for washing. Best results were obtained when 
patients cooperated fully with the protocol and were treated 
for six months. 

Reduction in circumferenc~ of the treated extremity, blanching 
and decreased pain in the scar were noticeable after one week of 
therapy. But edema reaccumulatlon within 4 hours of removal of 
the device was also encountered. Therefore, a therapy period of 
six months was advised. Patient acceptance of the device was 
excellent because of motivation and comfort. 

At this time, statistical comparison of results Is not 
possible because of Insufficient numbers of patients In each 
group. However, results have been most encouraging, and c~­
presslon devices are made routinely for patients with deep second­
degree burns of the extremities to prevent, If possible, hyper­
trophy of scars In these highly susceptible Individuals. 

Summary 

A successful prototype animal model for study of hyper­
trophic scars has been developed In a thermally Injured pig ; 
The reproducibility of this model Is presently being assessed. 
Histologlc examination of hypertrophlc scar has failed to define 
any pathologic changes common to all scars. Biopsies will be 
continued to evaluate effect on the scars of various modes of 
therapy. 

Of the three forms of clinical therapy for hypertrophlc 
scars currently used at this Institution, compression of the 
scars for six months from the date of graft healing has given 
the best results. Compression ts achieved through custom-
made Jobst garments and has been successfully applied to pa­
tients with burns of the extremities. The potential exists for 
extension of this mode of therapy to patients with chest, neck 
and head burns. 

Steroid therapy, topically or tntralestonally, has yielded 
disappointing results In terms of cosmetic Improvement of small 
hypertrophlc scars f the face and hands. No complications or 
side effects were noted with this form of therapy. 

Publications and/or Presentations 

None 

I 
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In 1970, 208 of 321 patients whose d;sposition was com­
pleted at the US Army Institute of Surgical Research were given 
585 anesthet;cs, both at this Institute and elsewhere. Of the 
anesthet;cs given at this Institute (497 of the 585 anesthetics), 
66.8% were nitrous oxide plus halothane, lS.7% were ketamine, 
with the r.,_inder consisting of nitrous oxide, methoxyflurane, 
Innovar, regional nerve block, and spinal anesthesia. Of those 
pat;ents receiving anesthesia, the mean number of anesthetics 
per patient was 2.81. Anesthetic complications during the year 
1970 included a;rway obstruction secondary to the administration 
of ketamine in the prone position, and two cases of cardiac arrhy­
thmia during and following administration of anesthesia. Two 
intraoperative deaths occurred in 1970, and are described in de­
tail in the text of this report. 

Anesthesia 

I 
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ANESTHESIOLOGY 

• The following is a description of current anesthetic prac­
tices and techniques at the US Army Institute of Surgical Research. 
Pertinent 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 to 14 hours. 
Infants and children to age 4 are permitted clear liquids until 
0400 hours. Using this regimen, we have had no vomiting or aspira­
tion on induction due to unsuspected ful I stomachs in patients 
for elective surgery. 

Seriously ill or dehydrated patients are given intravenous 
fluids preoperatively, including Ringer's lactate and 5% dextrose 
in either Ringer's lactate or saline solution. Special pediatric 
solutions are used for infants and children. 

Hemodynamic and Respiratory Assessment 

All acutely ill patients have arterial blood gases drawn 
daily until their status improves at which time the frequency of 
determinations is decreased. By knowing these values, preopera­
tively, in all seriously ill patients,we are able to adjust our 
anesthetic techniques accordingly. Pati~nts who are hypoxemic and 
require ventilatory assistance are transported to and from the 
operating room with the admin'istration of 100% oxygen given by 
positive pressure, utiJizing eHher a Jackson-Rees modification 
of the Ayre•s T-piece, or a Bird respirator. Once in the opera­
ting room, patients requiring ventilatory assistance may be 
ventilated manually, with an Ohio anesthetic ventilator, or, if 
extreme pressures are required, by an Emerson postoperative ven­
tilator or a Bird Mark XIV respirator. The latter two machines 
are capable of developing peak inspiratory pressures approaching 
100 cm of water • . Such extreme pressures are occasi ona 11 y necessary 
when gross pulmonary edema and extensive pneumonitis drastically 
reduce lung compliance. 

Circulatory status is assessed by hematocrit, serum electro­
lytes, ser'-ITI osmolality, and urinary output, in addition to in­
direct or direct measurement of blood pressure. Central venous 
pressure measurement~ are taken on seriously ill patients. 

Premedication 
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In general, no narcotics, barbiturates, or ataractics are 
given preoperatively to adult patients. Rather, atropine, 0.01 
mg/kg, is given intravenously imnediately prior to induction of 
general anesthesia. Patients receiving regional anesthesia 
(regional nerve blocks, spinal and epidural anesthesia), do re­
ceive premedication, consisting of a barbiturate, pnticholinergic, 
and occ,sionally a narcotic (morphine or Demerol\RJ), or ataractic 
(Valium\R)). Pediatric patients generally receive a narcotic plus 
an anticholinergic agent preoperatively, in order to allay anxiety 
and induce a state of quiescence.1 

Types of Anesthesia Used (See Table 4) 

A. General Anesthesia 

I. N20-halothanesAbout two-thirds (66.8%) .of the g~neral 
anesthesias at our Institution are performed with this combina­
tion of agents, due to ease of administration, tranquil induc­
tion and emergence, relative lack of long-lasting cardiovascular 
depression, and nonflanmability. We have followed SGOT values in 
a number of our patients who have received halothane, and in a 
control group of burn patients who did not receive this agent. 
Our data indicate, as detailed elsewhere in this report, that 
the SGOT by itself is of little or no value in predicting or 
assessing hepatotoxicity in the burn patient. From the standpoint 
of hepatotoxicity, it appears that multiple halothane administra­
tion is relatively safe. Since the incidence of this complication 
is approximately 1 in 10,000 patients, this seems to be an accep­
table risk when it is weighed against the great advantages of 
the agent in the burn patient.2 Thiopental (2- 4.S mg/kg) is 
used in about a third of our patients for induction of general 
anesthesia, with no deleterious effects observed. We have not 
observed any significant incidence of prolonged emergence or 
postoperative grogginess in patients wio received a total dose 
not exceedin~ 7 mg/kg of thiopental, provided that the last 
incremental dose is given at least 30 minutes before the case 
ends. 

2. NiO relaxant -:This technique is often used in very 
seriously 111 patients for laparotomies and other major procedures 
(amputations, etc.) due to its relative lack of cardiovascular 
depression. Since the technique requires controlled respiration, 
the trachea is intubated. Relaxants employed include d-tubocura­
rine (curare) and gallaminn, both non-depolarizing relaxants. 
The latter has been shown not to raise serum potassium in burn 
patients.3 Succinylcholine is rarely used except for acute emer­
gencies, due to its tendency to cause severe rises in potassi1.111 

' 
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from about postburn day 15 through 90.4 

3. Innovar ( R): This f s a combination of c.1 tranqui 1 i zing 
agent (droperidot) and an ultra short-actjng, extremely potent 
narcotic (fentanyt). We have used Innovar\RJ with success for 
awake naso- and orotracheat intubations, and for various surgical 
procedures, with or without a muscle relaxant. Muscle relaxants 
are usually needed with this technique to prevent movement and 
permit relaxation, and, in this case, respirction is controlled 
with an endotrache,t tube in place. We have observed that emer­
gence from Innovar\R) is often prolonged when compared with halo­
thane, which means that oyr patients may miss meals postopera­
tively when given Innovar\R), and tower their caloric intake for 
that day. 

4. Ketamine1This is a new intravenous "dissociative" 
general anesthetic which has recently been released for routine 
clinical use. Prior to that time, we had been using and evaluating 
ketamine for several months on an investigational basis. The agent 
shows great promise for debridement, skin grafting, various ortho­
pedic procedures, and for Hubbard tank treatments, especially 
since cardiovascular reflexes and tone are well preserved and a 
patent airway with good ventilation is usually maintained even 
in lateral and prone positions, without need of a mechanical air­
way. It must be emphasized, however, that on occasion signifi­
cant airway obstruction can occur with ke,tamine. One such episode 
is described in the section on anesthetic complications. We have 
recently completed an investigation of certain psycho-pharmaco­
togic properties of ke.tamine (see description elsewhere in this 
annual report). 

B. Regional Anesthesia 

Compared to 1968 (see Table 5), regional anesthesia, in 
particular, brachial plexus block, ulnar nerve block, and sub­
arachnoid block, was used on a mu~h greater scale. 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 inmediatety 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 anesthesias, and no incidence of infection or 
sepsis after nerve blocking was noted. We have found that supra­
ctavicutar brachiat plexus blocks, coupled with block of the 
intercostat brachiat and medial brachiat cutaneous nerves, are 
especially suited for elbow surgery, a great deal of which is 
now being performed for myositis ossificans. We have had no 
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incidence of post-block pneumothorax following the supraclavicu1ar 
approach. 

Monitoring Techniques 

Below is an outline of our current monitoring techniques for 
patients 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. 

s. EKG (major cases, d seriously i11 patients). 

6. Sponge-weighing; major cases. 

7. Serial measurement of urine output during surgery. 

e. Respiration 

1. Counting of respiratory rate. 

2. Observation of chest, rebreathing bag. 

3. Auscultation of chest. 

4. Determination of tidal vo1wne by Drager respfrOffleter 
in anesthesia circuit. 

c. Temperature 

1. Rectal or esophageal thermfster probe - routine for 
cases lasting more than 4S minutes. 

2. K-thermf.a "••ting-cooling blanket. This apparatus, re­
cent1 y acquired for the operating room, has proven to be of 
significant value in maintaining body temperature when large 
areas of the body are exposed. In addition, ft can help to lower 
body temperature, rapidly and safely, when• febrile episode 
occurs intraoperatfve1y. 

' 
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Complications 

Three noteworthy anesthetic complications occurred during 
1970 and are described below. 

Case Reports 

Case 1. Upper Airway Obstruction During Ketamine Induc­
tion in Prone Position. This 23-year-old, white male with total 
body surface burns of 16%, 4.5% third degree, was scheduled for 
autografting in the prone position on the 37th postburn day. Pre­
medication consisted of IV atropine, 0.01 mg/kg, 10 minutes prior 
to induction of anesthesia. Anesthesia was induced in the prone 
position with ketamine, 2 mg/kg IV, given over a 90 minute 
period. About two minutes after this dose was administered, the 
patient was noted to have poor air exchange, and had signs of 
upper airway obstruction. Tt.f s became almost tota l over the next 
30 seconds despite traction on the angle of the mandible, suc­
tioning of the pharynx and nose, and administration of 100% o2 
by mask. At this time, the patient became mildly cyanotic and 
was imnediately ·returned to the supine position, \tttiich enabled 
us to re-establish a patent airway almost instantaneously. The 
patient regained a pink appearance over the next 30-60 seconds 
of 100% oxygen administration by mask, and the procedure was 
carried out in the supine position. No postanesthetic sequelae 
of this hypoxemic episode ensued. 

Conment. Ketamine is widely heralded as not interfering 
with the airway, even in the prone and other positions, \tttiere, 
during anesthesia, the airway is often canpromised. Our experi­
ence, above, taught us that this is a dangerous assertion. Keta­
mine, like any other general anesthetic agent, carries no 
guarantee of a patent airway. Accordingly, when this agent is 
administered, all facilities for artificial ventilation must be 
imnediately available, and, especially, if the patient is prone 
or in some other position where the airway is liable to be com­
promised; he should be turned supine if any airway obstruction, 
which cannot be satisfactorily overcome inmediately, occurs. 

Case 2. Transient Atrial Fibrillation Followin a Keta­
mine Anesthetic. This 22-year-ol , white male, 37. total dy 
surface burns, 27% third degree, was scheduled on the SSth post­
burn day for decortication of several phalanges of the foot. 
Prior to this time, he had received five thiopental, nitrous 
oxide, halothane anesthesias without any intraoperative or post­
operative complications. His sixth anesthetic consisted of atro­
pine, 0.01 mg/kg IV innediately prior to induction, and ketamine 



40-6 

IV. A total of 1,750 mg of ketam;ne was given for this procedure, 
wh;ch took 115 minutes. Because the hematocrit at the beginning 
of the case was 27%, three units of blood were given intraopera­
tively. The blood pressure was stable and the pulse regular 
throughout the procedure, at 110-120/minute, apically. 

Following surgery, the patient was taken to the recovery 
area, where he was noted to have an irregular pulse with an 
apical rate of 140-160/minute. An EKG demonstrated that acute 
atrial fibrillation had developed. The blood pressure remained 
stable, but the arrhythmia persisted over the next two hours, 
with t:,e same apical rate. It then abruptly reverted to a mild 
sinus tachycardia with a rate of 120-130. No further episodes of 
atrial fibrillation occurred, and the patient received a subse­
quent nitrous oxide, halothane anesthetic on the 6Sth postburn 
day without incident. 

Conment. Cardiac arrhythmias, including atrial fibril­
lation, occur, fairly conmonly, both during and following the 
administration of general anesthetic agents. More evidence is 
needed before one can assume that a distinct causal relationship 
between the administration of ketamine and the occurrence of 
postoperative cardiac arrhythmias exists. In our experience to 
date, which covers well over 200 ketamine anesthesias, this is 
the only case in ~ich an arrhythmia occurred postoperatively 
with this particular agent. We have noted other arrhythmias, 
such as A-V dissociation, nodal rhythms, and bigeminy during 
the administration of other anesthetic agents. (See the following 
case report.) 

~. Intraoperative Nodal Rhythm with Incomplete 
Atrio-Veni'rTc'ular Dissociation Durin a Halothane Anesthetic.This 
21-year-old, black, male, total y sur ace rns of 1 , ~ 
third degree, had undergone an open reduction of a right ankle 
fracture in RVN on the day of injury, under nitrous oxide, halo­
thane anesthesia, without any apparent complications. 

On the 24th postburn day, he was scheduled for an autograf­
ting procedure. The pre-anesthetic visit revealed that his chest 
was clear, that the heart rate was regular, and that A2 was 
greater than P2, with no obvious cardiomegaly and no murmurs. 

Premedication consisted of atropine, 0.01 mg/kg IV inmedi­
ately prior to induction of anesthesia. Heart rate was regular 
at this time. Anesthesia was induced with thiopental, 4.0 mg/kg 
IV and nitrous oxide, oxygen, halothane anesthesia was beglM'. 

I 
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The trachea was ;ntubated, uneventfully, under transient deep 
halothane anesthesia, in order to avoid the use of succinyl­
choline. About five minutes after intubation, the heart tones 
and peripheral pulse were noted to be irregular. An EKG was 
taken which revealed mult;ple junct;onal and nodal ectop;c 
beats. A total of 100 mg of IV 1;doca;ne was adm;n;stered,w;th­
out any observable effect on the arrhythm;a. It was felt that 
unt;1 th;s arrhythm;a was ;nvest;gated further, ;t would be 
hazardous to proceed, and, accord;ngly, the procedure waster­
minated and the patient awakened. Th;s arrhythmia pers;sted 
;nterm;ttently even wh;le the patient was awake, and ;twas felt 
that the pat;ent had had this for some time. He d;d, indeed,have 
periods of regular s;nus rhythm and wt,;le unanesthet;zed had 
regular s;nus rhythm most of the t;me. He subsequently had two 
autograft;ng procedures, each performed under Innovar, N20, o2 , 
d-tubocurarine and fentanyl. Aside from infrequent per;oas of 
h;gh nodal premature contract;ons, he d;d well and had an un­
complicated postoperat;ve course. He was subsequently transferred 
to the orthoped;c serv;ce for more def;n;t;ve treatment of h;s 
orthoped;c problems. 

Comnent. As in the preceding case h;story, arrhythm;as 
dur;ng and after anesthes;a do occur. Prompt recognition and 
proper therapeut;c measures are essential. A precordial stetho­
scope, pulse mon;tor, and oscilloscopic EKG ffl<>n;tor w;11 enable 
early detection to be made and permit on-line assessment of 
therapy in the operating room. In the case described above, 
terminat;on of anesthesia was clearly indicated, especially s;nce 
surgery had not yet begun. 

lntraoperative Deaths 

Two intraoperative deaths occurred during 1970,and are 
described below. 

Case Reports 

Case 1. This 30-year-old, whi~e male telephone lineman, 
received burns estimated at 2~ total body surface with 1~ 
third degree when he came in contact with a 7,200 volt transformer. 
On admission to the Institute of Surgical Research, one hour 
postburn, he was hypoxic and hyperchloremic. With the administra­
tion of na•al oxygen a.nd Kayexalate enemas, these conditions were 
rapidly reversed. Several hours later, when his overall condition 
improved sornamat, he was taken to the operating room, where 
exploration and debridement of the electrical burns of the leg 
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and debridement of the sternal area were carried out. His physi­
cal status at this time was S-E. No premedication was given. 
Anesthesia consisted of nitrous oxide and d-tubocurarine, 30 mg; 
the airway consisted of a 9 nm orotracheal tube, inserted on the 
ward prior to surgery. The procedure lasted 70 minutes, and the 
patient tolerated the procedure satisfactorily. He was placed on 
a Bird respirator postoperatively for about 4 ' to S hours, and the 
action of the curare was allowed to dissipate spontaneously. No 
atropine or prostigmine were given at the termination of the case. 
Six hours postburn, the patient developed an elevated serum amy­
lase and physical findings consistent with pancreatitis. At th~s 
same point, an acute coagulopathy was diagnosed with markedly 
elevated prothrombin time and decreased Factor V and Factor X 
levels. These deficiencies were controlled with the administra­
tion of multiple units of fresh frozen plasma. A progressive fall 
in the platelet count from S0,000 to 25,000 was likewise con­
trotted with the administration of multiple units of platelets. 
By 24 hours postburn, the patient first displayed an inability to 
appropriately concentrate urine with specific gravity falling to 
less than t.010 by 48 hours postburn. Associated with this was 
tow osmotatity and UUN compared to the progressively rising BUN 
and serum creatinine. The patient required hemodiatysis on the 
fourth postburn day. Also, on the fourth postburn day, due to the 
deep electrical injury that the patient had incurred, disarticu­
tation of the left knee was performed under general anesthesia, 
consisting of Jnnovar, nitrous oxide, and d-tubocurarine. An 
8.s nm orotracheat tube was used. The patient tolerated the pro­
cedure satisfactorily, and the muscle relaxant was reversed with 
appropriate doses of atropine and prostigmine. The patient was 
judged to have had satisfactory spontaneous respiration after 
this case. Physical status at this time was judged as ASA Class 
Ill. By the morning of the third postburn day, a left tower lobe 
infiltrate was noted, which spread to involve the left upper 
lobe and right tower lobe by the fifth postburn day. On the sixth 
postburn day, pulmonary edema, accompanied by mild elevation of 
the central venous pressure, was noted. In spite of the patient's 
poor overall status, which on postburn day 6 was judged as ASA 
S, left hip disarticutation was deemed necessary. The patient 
was taken to the operating room, a tracheostomy was performed, 
and anesthesia was induced with nitrous oxide, oxygen, and d­
tubocurarine, 18 mg,and controlled respiration was carried out 
via an Ohio operating room ventilator. However, because of the 
extremely high positive pressures required to adequately venti­
late this patient, on the order of S0-60 cm of ..ater, the patient 
became progressively hypoxic and acidotic with resultant cardiac 
arrest, from which he could not be successfully resuscitated. 
Thus, the patient succ&anbed before the planned surgical procedure 

' 
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could be performed. At autopsy, he was found to have a severe 
bilateral bronchopneumonia, 20.5% total body surface electrical 
burn with extensive necrosis of both the anter;or and posterior 
trunk and the lower extremity. Also present was focal coagula­
tion necrosis of the left lobe of the liver, felt to have resul­
ted fran the electrical burn, hemorrhagic gastr;tis and an acute 
duodenal ulcer were also noted. 

Case 2. This 9-year-old, white male sustained burns, 
second and third degree, ;nvolving the head, neck, anterior and 
posterior trunk, both upper extremit;es, both hands, both lower 
extremities, and both feet, 681% total body surface, with 64% 
third degree, when an explosion occurred in a store room while 
lighting a cigarette at the patient's home. Upon admission to 
the US Army Institute of Surgical Research, there was evidence 
of inhalational injury in that the nasal hairs were singed, the 
1 i ps were swo 11 en, and the teeth .-1ere stained with soot. The 
throat was red and edematous as was the uvula. Additional soot 
staining of the pharynx was also present. The patient was con­
sidered to be very seriously ill, and on the 14th postburn day, 
debridement and heterograft were performed under keta,nine anes­
thesia. Physical status was considered to be ASA 4. Hematocrit 
was 31%. The procedure lasted 60 minutes. At the end of the case, 
the patient was considered to be in satisfactory condition. On 
the 17th postburn day, the patient was again taken to the opera­
ting room, and considered to be ASA physical status 5, with 
hematocrit of 36%. No premedication oth r than atropine, 0.01 
mg/kg, intravenously, was given. Anesthesia was induced w;th 
intravenous ketamine, 0.7 mg/kg, and the surgery, cons4sting of 
debridement of the burn wounds and application of porci 11e hetero­
graft, was begun. At the end of the procedure, which lasted 
approximately 35-40 minutes, the patient was noted to have 
shallow, inadequate respirations, and an endotracheal tube was 
inserted. Mechanical ventilation was begun with 100% oxygen. He 
was treated with rapid intravenous infusion of Ringer's lactate 
and blood. Despite these maneuvers, the patient sustained a 
cardiac arrest, from llllhich he could not be resuscitated despite 
intravenous and intracardiac epinephrine and other resuscitative 
agents. At autopsy, the patient was found to have burns, 68.5% 
total body surface, 6't% third degree, bilateral bronchopneumonia, 
and, most notably, an acute pulmonary embolism to one of the 
main branches of the pulmonary artery, originating in a mycotic 
1uppurative thrombophlebitis of the left femoral vein. In retro­
spect, then, this acute pulmonary embolism was responsible for 
the patient's intraoperative demise. In addition, a mycotic myo­
carditi1 was present. Death in this patient was then attributed 
to the cardio-respfratory stress of pulmonary embolism and mycotfc 
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myocarditis, superimposed upon a bilateral bronchopneumonia. All 
of these were considered to be complications of this patient's 
severe large burn. 

Sumnary 

When surgery is performed early in the hospital cours~ of 
the burn patient (i.e., during the first 6 weeks), general 
anesthesia is usually necessary due to the nature of the pro­
cedure and to potential contamination. Although nitrous oxide­
halothane is generally U§ed, other agents (nitrous oxide, oxygen, 
muscle relaxant, InnovarlR)) are satisfactory. Ketamine shows 
great promise as a general anesthetic agent for debridement, 
chondrectomies, orthopedic procedures, and for the Hubbard tank. 

For surgery during the reconstructive period of the burn 
(6 weeks and beyond), regional anesthesia can often be used, as 
long as the patient is not septicemic and does not have infected 
skin areas at or ;rm,ediately adjacent to the site of nerve 
blocking. Ketamine is also indicated for certain procedures done 
at this time. 
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Between March 1968 and August 1970, the SGOT was followed 
at weekly intervals in a group of approximately ~00 ~dult patients 
who received halothane at our unit, and in a control group of 
40 patients who did not receive any anesthesia. This study was 
undertaken in order to determine whether the SGOT was a useful 
index of hepatic dysfunction in the burn patient, and whether it 
would indicate hepatic damage secondary to halothane administra­
tion. 

We c~ncluded that the SGOT is not a useful index of hepatic 
dysfunction in burn patients, because great fluctuations of the 
SGOT occurred in response to a diverse n1.111ber of disease states 
where hepatic damage was not present, on the basis of physical 
examination and other laboratory indices of hepatic function. A 
review of our records since 1964 indicated that in only one 
patient, out of more than 3000 halothane administrations, in 
over 1000 patients, was halothane hepatitis considered to have 
been a possibility. Accordingly, we consider halothane to be a 
relatively safe and effective general anesthetic agent in burn 
patients, for both single and multiple administration. However, 
the risk of allergic hepatitis consequent to its use, although 
small (1 a10,000-2S,OOO) is ever present, and must be carefully 
considered every time the agent is contemplated for use. 

Halothane 
Hepatitis 
Hepatic necrosis 
Burns 
Anesthesia 



41-1 

MULTIPLE HALOTHANE ANESTHESIA IN THE BURN PATIENT 

In 1969, a four-year retrospective study of multiple halo­
thany anesthesia during 1964-1968 was published by Gunther, et 
al., and demonstrated the safety of halothane as a repetitive 
anesthetic for burn patients. 

Beginning in March 1968, weekly SGOT determinations were be­
gun on all patients receiving halothane anesthesia, and data 
collection was terminated os of•August 1970, when SGOT values on 
200 such patients were acc\ll'lulated. In addition, through the 
acute and sub-acute burn phases, serial SGOT values were obtained 
on approximately 40 burn patients who never came to anesthesia, 
in order to generat~ a control populat1on. 

In evaluating the SGOT data, we posed the following questions: 
1) Is there any predicta t le pattern or patterns to the time course 
of the SGOT levels in burns? 2) Is the SGOT level a function of 
burn size or severity? 3) Does a high SGOT level necessarily 
mean that there is hepatic dysfunction, or, instead, is it a 
nonspecific response to a severe systemic disease state? 

We have been unable to discern any discrete patterns of SGOT 
level changes with time except that SGOT values tend to be high 
(> 200) during the acute and early convalescent phases of the 
burn and then decrease. We suspect that the SGOT level in burn 
patients, is, at best, a nonspecifk respons,e to a severe systemic 
disease state, rather than a specific index of hepatic dysfunc­
tion. Moreover, the SGOT level seems to vary with such disease 
tates as muscle necrosis, sepsis, fluid and electrolyte dis­

turbances, fever,myocardial, respiratory and renal failure, plus 
a host of other complicating variables which, taken together, 
make the SGOT level essentially useless as an index of hepatic 
dysfunction following anesthesia in the burn patient. Admittedly, 
we have encountered only one patient, since 1964 (see history 
below) with fulminant hepatic necrosis inmediately following 
halothane anesthesia. The literature available on such cases 
indicates that the SGOT may exceed 5000, and is accompanied by 
gross changes in other parameters of hepatic function, such as 
bilirubin, BSP retention, LOH, etc.1,2 The point to be made, 
however, is that in burn patients who have never received either 
blood or halothane, the SGOT level may range up to 800 or higher, 
without other evidence of hepatic dysfunction, and changes in 
serial SGOT values on the order of several hundred cannot be 
taken as conclusive evidence that hepatic dysfunction is present. 
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Accordingly, we conclude that a high SGOT value in a burn 
patient is not necessarily a contraind1cation to the administra­
tion of halothane, and that hepatic ~:,sfunction must be ruled in 
or out on the basis of the total clini~~l picture, supplemented 
by a complete battery of liver function tests, rather than on 
the basis of the SGOT alone. 

In reviewing our statistics covering the period from 1964 
through 1970, there was only one case to date in which halothane 
hepatitis was a distinct possibility. This particular patient 
(47-68) had six operative procedures, including bilateral lower 
extremity amputations and an emergency gastrectomy and vagotomy 
for massive gastrointestinal hemorrhage. Nitrous oxide, halo­
thane was used for all six anesthetics. He received a total of 
37 units of bloud, nine of these on the day of injury. He 
developed gastrointestinal hemorrhage and emesis on the ~P.~h 
day postinjury. His mental status deteriorated markedly on the 
29th day postinjury when he was bleeding massively and under­
went gastrectomy. His SGOT was 2000 and SGPT 1800. He remained 
comatose postoperatively, and died on the 30th postburn day with 
an SGOT of 1100, and an SGPT of 1250. At autopsy, he had 
massive, diffuse, centrolobular, hepatic necrosis, acute tubular 
necrosis, and cerebral edema. 

Serum hepatitis was considered the most likely cause of 
death, since nine units of blood had been given 30 days prior 
to death and signs and symptoms of serum hepatitis are not 
unusual this soon after transfusion. 1,2 However, halothane 
was used on multiple occasions, and it is impossible to com­
pletely rule it out as a possible cause. 

In summary then, the SGOT level in the burn patient is 
considered not to be a useful index of either halothane-induced 
liver damageor of hepatic dysfunction in general, unless it 
reaches a value of at least several thousand units, and corre­
lates with disturbance of other well-established liver function 
tests. Halothane, on the basis of this report and other data 
gathered from this institution, is considered to be a relatively 
safe and effective general anesthetic agent for use in burn 
patients. However, the possibility of halothane hypersensitivity 
is always present following multiple administrations of this 
agent, and this potentially fatal complication must be carefully 
considered. For this reason, it is our policy that halothane 
should not be used indiscriminately, and alternate tec hniques, 
such as nitrous oxide with muscle relaxants, ketamine, and 
regional anesthesia are used whenever feasible. Nonetheless, we 
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do not hesitate to use ha1othane, including multiple administra­
tions, when its considerable advantages make it an agent of 
choice for a particular patient. 
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Ketamine, a new dissociative anesthetic, may be accompanied 
by sensory and perceptual misi·nterpretations, dreaming and hallu­
cinations. We hypothesized that a detailed preoperative descrip­
tion of the emergence reactions, known to occur after ketamine 
anesthesia, would reduce the patient's tendency to regard them 
as anxiety-provoking. 

Our single blind prospective study contained four groups 
(A, B, C, D), each consisting of 12 young servicemen from our 
convalescent ward, scheduled for skin grafting or minor ortho­
pedic procedures. Atropine was tne only premedicant. Groups A 
and B received ketamine intravenously whereas Groups C and Dre­
ceived thiopental, followed by nitrous oxide, halothane, oxygen 
by mask. Every patient, however, was told that he would have 
ketamine anesthesia. Those in Groups Band D were fui·nished pre­
operatively with a detailed description of all emergence phenom­
ena known to occur with ketamine. Groups A and C received a 
minimal preoperative briefing, mentioning only dreams and altered 
depth perception as possible emergence reactions. 

Twenty-four hours after surgery, each patient was given a 
sentence completion form and a check list, by a pt,ysician unknown 
to the patient. By means of a coding system, subjective responses 
were tabulated and the incidence of specific psychic phenomena 
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determined for each group. 

The incidence of perceptual alterations following ketamine 
was so hi gh in both ketamine groups that a pharmacologic property 
of the drug can be inferred. The incidences of visual, auditory, 
proprioceptive distortions, and postoperative confusion were 
higher in the detailed as opposed to the minimal halothane group, 
reflecting a possible suggestion effect. Postoperative anxiety 
was lower in the detailed ketamine group than in the minimal. 
Patients found ketamine acceptable for future administration un­
less they were aware of the operative procedure during anesthesia. 
No patient,however, who r~ceived an induction dose of 1.7 mg/kg 
or more reported awareness during surgery. 

Ketamine 
Halothane 
Awareness during anesthesia 
Psychologic responses to anesthesia 

* Present address: Instructor in Psychiatry, University of Texas 
Medical School at San Antonio, San Antonio, 
Texas 78229. 

m~ Present address: Dept. of Anesthesiology, Brooke General Hospital, 
Brooke Army Medical Center, Fort Sam Houston, 
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THE INFLUENCE OF PREOPERATIVE INFORMATION ON PSYCHOLOGIC 
RESPONSES TO KETAMINE AND HALOTHANE ANESTHESIA IN BURN 

PATIENTS 

Ketamine, recently released for routine clinical use, has 
been found to induce dissociative states, sensory and perceptual 
misinterpretat;ons, v;v;d dreaming, and hallucinat;ons in some 
patients. Overall estimates of "emergence phenomena" range from 
3% to over 30%. The investigators hypothes;zed that a detailed 
preoperative descr;ption of the emergence react;ons known to 
occur after ketamine anesthes;a would reduce the patient's ten­
dency to regard them as unpleasant and anx;ety provoking. A com­
parison of the inc;dence of perceptual mis;nterpretat;ons follow­
ing ketamine and halothane anesthesia was also made. 

Methods 

The study contained four groups, each cons;st;ng of 12 
young serv;cemen from our convalescent burn ward ;n a s;ngle­
bl;nd, randomized, two by two, experimental des;gn. No one who 
had received ketamine previously, or who was rece;ving major 
psychotropic agents or sedatives was included in th;s study. The 
patients were considered to be ASA Physical Status 2, and were 
to undergo skin grafting or minor orthopedic procedures. The 48 
patients were randomly assigned to Groups A, 8, C, or D, with 
Groups A and 8 receiving ketamine and Groups C and D rece;ving 
halothane anesthesia. Groups A and C received minimal preopera­
tive briefing, _wii le those patfen,ts in Groups B and D were 
furnished with a detailed aescription of all emergence phenome­
non known to occur w;th ketamine. 

Groups A and B received ketamine ;ntravenously as the sole 
anesthetic agent. Induction dose was that necessary to result in 
cessation of vertical nystagmus and response to conmands, and 
averaged 1.6 mg/kg, intravenously, over a 90second per;od. Re;n­
forcing doses of o.s to 1.0 mg/kg were given as necessary to 
ma;ntain this state. Groups C and D rece;ved th;opental, 4.s mg/ 
kg intravenously for the induction of anesthesia, and then halo­
thane, nitrous ox;de, and oxygen by mask in a semiclosed system ;n 
concentrat;on sufficient to produce Plane I and 11 anesthet;c 
depth. Atropine, 0.01 mg/kg, g;ven intravenously ;nmediately 
pr;or to induct;on of anesthesia, was the only premedicant, and 
was administered to all patients ;n the study. 

Fo11ow;ng surgery, all study pat;ents were taken to a 
spec;ally designated recovery area where they were cared for by 
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members of the nursing staff who were not told which anesthetic 
the patient had received. However, the staff was told specifi­
cally to treat the patients exactly like any other patients re­
covering from the general anesthetic. No particular efforts were 
made to reduce verbal or tactile stimulation. Staff members were 
instructed not to tease or banter with patients who appeared to 
be confused or incoherent. Patients were returned to the ward 
when they seemed rational and could take fluids. 

Twenty-four hours after surgery, each patient in the study 
was given a sentence-completion form, and then a check list, by 
a physician unknown to the patient and not involved with his 
care. This physician knew neither the hypothesis of the study 
nor the group to which the patient had been assigned. This blind­
ing on the part of the interviewer prevented bias in the question­
naire and sentence completion data. A coding system permitted 
grouping of sentence responses from the questionnaires and check­
list items into mutually exclusive categories. Objective responses 
could then be tabulated across groups, and the incidence of 
specific psychic phenomena determined for each experimental group. 

Perceptual alterations were differentiated from hallucina­
tions in consideration of the data. A perceptual alteration was 
Jefined as a misperception of objective or true sensory data and 
a hallucination as a pseudoperceptual experience, i.e., the per­
ception of something that had no basis in objective sensory 
stimulation. The data were analyzed by means of Chi-square analy­
sis, which permitted comparison between the minimal and detailed 
groups within each drug, as well as comparisons between the en­
tire ketamine group and the entire halothane group in order to 
as~ess overall drug effact. 

Results 

For ketamine, the incidence of perceptual alterations was 
uniformly high, except for auditory distortions, which even so 
had an incidence of 50% or greater. There were no significant 
differences between the two ketamine groups. For halothane,there 
was a significantly higher incidence in the detailed halothane 
group than in the minimal halothane group for auditory distortions 
and for postoperative confusion. When ketamine, overall, was 
compared against halothane overall, the difference between the 
two agents was significant in the case of visual distortions, 
proprioceptive distortions, and for postoperative confusion. It 
was interesting to note, in regard to patient awareness during 
anesthesia, that no patient who received thiopental, nitrous oxide, 
halothane reported awareness during the operative procedure. In 
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those patients who received ketamine, however, future preference 
for that anesthetic was closely correlated with awareness during 
anesthesia, i.e., those patients who were aware of their surgery 
while receiving the drug did not want ketamine again. In those 
patients receiving ketamine who were not aware of their surgery, 
an almost universal acceptance of ketamine was noted, despite a 
33% incidence of dreams which tended to be unpleasant. No patient 
who received 1.7 mg/kg or more of ketamine as an induction dose 
reported awareness during surgery. On the other hand, there was 
no demonstrable relationship between incidence of awareness 
during ketamine _anesthesia and total dose of ketamine, indicating 
that awareness during ketamine anesthesia seems to be related to 
induction dose rather than to total dose of the drug. 

Conclusions 

The following conclusions emerge from this study. 

1) The incidence of perceptual alterations following the 
administration of ketamine was so high in both of the ketamine 
groups that a pharmacologic property of the drug can be inferred. 

2) Perceptual alterations also occurred with the combi­
nation of thiopental, nitrous oxide, and halothane, but their 
incidence was significantly lower than with ketamine. The inci­
dences of auditory distortions and of postoperative confusion 
were significantly higher in the detailed as opposed to the mini­
mal halothan~ group. This may be attributable to a suggestion 
effect. 

3) Postoperative anxiety was not significantly decreased 
in the detailed ketamine group as opposed to the mininal, indi­
cating that our hypothesis in this regard was not upheld. However, 
there was also no significant difference in postoperative anxiety 
between ketamine overall and halothane overall in our patients, 
which indicates that ketamine as a drug is not any more anxiety­
provoking than halothane. 

4) With one exception, patients found ketamine acceptable 
for future administration unless they were aware of their surgery 
during anesthesia. No patient who had received an induction dose 
of 1.7 mg/kg or more reported awareness during surgery. In those 
whose induction dose was less, the incidence of awareness was 
25%. 

S) Great caution must be taken in extrapolating our re-
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sults to other patient populations. All of our patients in this 
study were male servicemen from age 18 to 41. Additional studies 
to include women, different age ranges, and patients from 
different occupational socio-econ~nic background should be 
undertaken to increase our understanding of the psychopharmaco­
logical properties of anesthetic agents. 

Presentation 

Garfield .t1: The effects of varying preoperative information on 
psychologic responses to ketamine and halothane anesthesia. Am 
Soc of Anesthesiologists annual meet ing, New York, N.Y. 17-21 
October 1970. 
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None 
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ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BI<J,\EOICAL SCIENCES 

REPORT TITLE: CLINICAL OPERATION, METABOLIC BRANCH - RENAL 
SECTION 

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

Period covered in this report: 1 January - 31 December 1970 

Investigators: Martin G. White, M.D., MAJ, MC 
Neil A. Kurtzman, M.D., LTC, MC 

Reports Control Symbol MEDDH-288(R1) 

Nine patients were treated in the Renal Section during the 
reporting period. This represents a total of 399 patient days. 
Seven patients presented with acute renal failure, with only one 
survivor. Two patients with chronic renal insufficiency were 
treated in the unit during this time. In addition, glomerular 
filtration rates, bicarbonate reabsorption tests, and glucose 
titration tests were performed. Patients on metabolic studies 
represented an additional 284 patient days. 

Renal failure 
Hemodialysis 
Peritoneal dialysis 
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CLINICAL OPERATION, METABOLIC BRANCH - RENAL SECTION , 

Nine patients were treated in the Renal Section from i 
January through31 December 1970. Of the nine patients, seven 
were admitted with various forms of acute renal failure. Two 
patients were treated who had chronic renal insuffici ~ncy. Of 
these two patients, one was maintained on twice-weekly hemodialy­
sis throughout the year's reporting period, and the other received 
four hemodia1yses while an inpatient to undergo splenectomy and 
bilateral nephrectomy. These nine patients represent a total of 
132 hemodialyses, covering 399 patient days. Each of the patients 
underwent hemodialysis, using the Traveno1 twin-coil No. 145 
artificial kidney. Chronic dialyses were performed, using chroni­
cally indwelling arterial and venous cannu1as, while acute di­
alysis were in main done using percutaneous insertion of catheters 
into appropriate arteries and veins. Anticoagulation of the 
hemodia1ysis coil was either with re·gional or total body heparini­
zation, depending upon the individual circl.lllstances. Of the seven 
patients with acute renal failure, one survived. Two patients 
with chronic renal failure continued to do well during the year. 
Table 1 represents the clinical characteristics of the patients 
treated for renal insufficiency in the Renal Section during 
1970. 

Patient No. 1 is a 38-year-old male who had been treated on 
chronic hemodialysis since 1964. His course during this past 
year included septicemia secondary to shunt infections, and the 
removal of a meningioma of the spinal cord. The patient tolerated 
these complications well, and at the conclusion of 1970 continued 
to do we11 on chronic, twice-weekly, hemodialysis. 

Patient No. 2 is a 20-year-old female with chronic glomeru-
1onephritis, who has been on intermittent hemodialysis since 
1967. These hemodia1yses had been done mainly in her home with 
assistance by either her parents or her husband. The patient was 
admitted to Brooke General Hospital for a bilateral nephrectomy 
and splenectomy in preparation for a subsequent renal homotrans­
p1antation. While in Brooke General Hospital, the patient received 
four hemodialyses. The pa.tient was discharged and subsequently 
has done well; however, the transplant has thus far not been 
performed. 

Patient No. 3 was admitted to the Medical Service of Brooke 
General Hospital with a history of the evolution of jaundice, 
fever, and abdominal pain. Subsequent workup demonstrated multiple 
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hepatic abscesses thought to be due to pyelophlebitis secondary 
to appendicitis. The patient had a very stormy course, subse­
quently developing infected pulmonary emboli. In addition, the 
patient's renal function deteriorated, with gradual rise of his 

UN to a range of 116-130. The renal insufficiency was thou.ght 
to be secondary to his septicemia and the effect of nephrotoxic 
antibiotics. He was hemodialyzed on one occasion, using the 
percutaneous route. Subsequent to that dialysis, the patient's 
BUN gradually fell as renal function improved, and no further 
dialyses were necessary. The patient eventually recovered renal 
function and the underlying sept i c process resolved with long­
term antibiotic therapy. 

Patient No. 4 was admitted to the Institute of Surgical 
Research after sustaining burns due to contact with high-voltage 
electricity, with second or third ·degree involvement of 20% 
total body surface. The patient sustained extensive muscle damage 
as a consequence of his injury, and renal failure was evident 
from the outset of his hospital course. In addition, his course 
was complicated by thrombocytopenia and hyperkalemia. The renal 
failure ·was thought to be due to myoglobinuria resulting from 
the extensive muscle injury. The patient was hemodialyzed on 
two occasions, with good control of hyperkalemia and azotemia. 
The patient died of a cardiac arrest on the fifth postburn day. 

Patient No. S was a 21-year-old male who was initially in­
jured in the Republic of Vietnam on the 23rd of June 1970, sus­
taining a second and third degree burn, involving 28% of the 
total body surface. His early course was complicated by concus­
sion, an episode of septicemia, and persistent diarrhea. Upon 
transfer to the Institute of Surgical Research, diarrhea con­
tinued to be somewhat of a problem, with an attendant poor 
nutritional intake. The patient developed a Herpes simplex in­
fection on 11 August,with probable systemic involvement and sub­
sequently the patient developed a picture of septicemia without 
positive blood cultures. Jaundice ensued, and the patient's BUN 
gradually rose to approximately 140 mg%. The patient's blood 
pressure fell during this time, and it was thought that his 
rising BUN was due to a decreased intravascular vol\.11\e. Attempts 
at increasing his intake of intravenous fluids, however, did not 
result in any increase in his urine output, and a single six­
hour hemodialysis was done on 24 August 1970. The patient con­
tinued to deteriorate, however, and died on 25 August, as a con­
sequence of hypotension thought to be secondary to septicemia. 

Patient No. 6 was a S7-year-old woman who was admitted to 

1 
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the Surg;cal Serv;ce of Brooke General Hospital following the in­
gest;on of an undertermined amount of 11Sani-Flush11 (hydrochloric 
ac;d and oxat;c ac;d). These corrosive agents induced extensive 
destruct;on of the stomach and organs in the left upper quadrant 
of the abdomen. Renal failure occurred, pres1.111ably due to the 
depos;tion of calcium oxalate in the renal tubules as well as 
poor perfusion secondary to the hypovolemia induced by the loss 
of the fluid into the tissues of this putient. Resection of the 
necrotic tissue was performed on the fifth hospital day. The 
patient was maintained throughout this period on hernodialysis, 
being dialyzed six times in 12 days. This program sufficiently 
controlled azotemia and hyperkatemia. The patient had such ex­
tensive tissue damage, however, that gradual destruction of the 
pancreas, spleen, diaphragms, and pulmonary parenchyma on the 
left side occurred. As a consequence, she began to bleed mass;vely 
and exp;red on the 13th hosp;tal day. 

Pat;ent No. 7 was a 76-year-old man who developed an acute 
occlus;on of the distal ~orta one day pr;or to admission. An 
aortofemoral bypass was performed, and the patient subsequently 
developed acute renal failure. This was due to a period of hypo­
tens;on that occurred after h;s surgery. The pat;ent rema;ned in 
moderate vascular collapse from the f;rst postoperative day on 
unt;t he d;ed some three days later, and was dialyzed on each 
postoperative day in order to control h;s azotem;a, hyperkalemia, 
and metabot;c acidosis. Progressive vascular collapse occurred, 
and he d;ed ;n shock on the third postoperative day. 

Pat;ent No. 8 was a 29-year-old male who was injured in an 
airforce refueling accident. He sustained 73% burns of the total 
body surface, and developed acute renal failure, presumably due 
to shock from hypovolemia shortly after his injury. The pat;ent 
was hospitalized at the Inst;tute of Surgical Research. The acute 
renal fa;ture was f;rst treated by hemodialysis on the third post­
injury day. The pat;ent was dialyzed daily for the next 10 days 
with good control of azotemia, serum potassium levels, and 
pat;ent's fluid status. However, the patient developed a pro­
gressive pneumonia during the last three days of his hospital 
course and succumbed to progressive pulmonary insufficiency on 
the 14th post;njury day. 

Pat;ent No. 9 was a 52-year-old woman who developed per;­
tonitis and gram negative sept;cem;a two days after a selective 
superior mesenteric arteriogram was performed as part of the 
diagnostic workup of a splen;c artery aneurysm. The patient 
developed thrombosis of the celiac axis and inferior mesenteric 
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artery w;th mass;ve ;nfarct;on of the t;ver, spleen , small bowel, 
and left kidney. She was hemod;atyzed on one occas;on because 
of progress;ve azotemia, us;ng the percutaneous route. Because 
of progress;ve hypotension, presumably due to the septicem;a, 
the pat;ent died the follo~ing day. 

In add;t;on to the hemod;atysis performed by the Renal 
Sect;on, a seven-month female infant was per;toneally dialyzed 
for renal fa;ture secondary to acute tubular necros;s from hypo­
tens;on. Th;s ch;td sustained a 20% burn of the total body sur­
face and developed a per;od of prolonged hypotens;on ;n her 
early postburn course. Renal fa;ture ensued, and bec~use of her 
small s;ze and precar;ous hemodynam;c status, per;toneal d;alys;s 
was performed as a means of contrott;ng hyperkalemia; 146 ex­
changes of one liter of per;toneal dialysate were performed. The 
child, however, rema;ned ;n moderate vascular collapse, which 
became progress;ve toward the end of her course, and the ch;td 
died on the f;fth postburn day w;th unresponsive hypotension. 

The Renal Sect;on evaluated glomerular f;ttrat;on rates in 
57 patients during the reporting per;od, using Gtof; I (iothala­
mate 1251) excretion as an index of renal function. These studies 
were performed on patients within the Institute of Surg;cal 
Research as well as patients in Brooke General ~~spital. N;ne 
volunteer subjects were studied for the;r rate of bicarbonate 
reabsorption, and the report on these studies w;11 appear in 
another section of th;s 1971 annual report. A glucose titrat;on 
test was performed on one volunteer subject dur;ng this time 
as well. The staff and corpsmen of the Renal Section staffed 
the Renal Clinic of Brooke General Hospital in conjunction with 
Brooke General Hospital's nephrologists. Th;s clinic meets 
weekly and has approximately 10 outpat;ent v;sits per clin;c day 
per week. The staff of the Renal Sect;on of the Metabolic Branch 
served as consultants to Brooke General Hosp;tal on matters of 
ac;d base balance, hypertens;on and other nephrological problems. 

s;x pat;ents were stud;ed by balance techn;ques dur;ng the 
reporting period, involving a total of 284 patient days. Table 
2 reveals the various balance studies done. Patient 1, a 32-year­
old female with Add;son•s disease secondary to presumed adrenal 
tuberculosis, was studied in an attempt to demonstrate the renal 
defect leading to acidos;s in Addison's disease. Pat;ent 2, a 
28-year-old male who had been previously burned and treated with 
large doses of parenteral vitamins, which included v;tamin D, was 
studied for the treatment of hypercalcemia due to hypervitaminosis 
D w;th potent diuretics. Patients 3, 4, 5, and 6 were all males 
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w;th marked exogenous obes;ty who were stud;ed for metabol;c 
effects of starvat;on diets. 
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press). 
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ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN Bic»\EDICAL SCIENCES 

REPORT TITLE: EFFECT OF EXTRACELLULAR VOLlME ON RENAL 
BICARBONATE REABSORPTION 

US Anny Institute of Surgical Research, Brooke Army Med;cal 
Center, Fort San Houston, Texas 78234 

Period covered in this report: 1 July 1970 - 30 June 1971 

Investigators: Neil A. Kurtzman, ~.o., LTC, MC 
Martin G. White, H.D., MAJ, MC 
Phi 1 ip W. Rogers, M.D., MAJ, MC 

Reports Contro 1 Symbol MEDDH-288(R1) 

We have previously shown that effective extracellular volune 
is such a potent regulator of renal bicarbonate reabsorption that 
the other principle regulators cannot be studied effectively if 
one does not precisely specify the level of extracellular vol1.me 
at ""-ich one is working. By thus controlling volune we have de­
fined the regulatory role of potassiun, CO2 tension, and carbonic 
anhydrase activity on bicarbonate reabsorption. 

The emphai , s of work currently being carried out is to define 
the mechan·i sm by ""-i ch 11 1 une expansion depresses bi carbonate 
reabsorption. The role of a variety of naturally occurring humoral 
agents on bicarbonate reabsorption is to be assessed. 

Bicarbonate reabsorption 
Sodiun 
Extracellular volune 
Potassiun 
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ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: STUDY OF THE EFFECT OF VOLUME EXPANSION AND VOLUME 
CONTRACTION ON BICARBONATE EXCRETION IN HUMAN 
SUBJECTS. A CLINICAL ANALOGUE OF CHANGES IN 
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The control of bicarbonate reabsorption In the human has 
been attrlbl•ted to: (1) pC02 tension, (2) total body potassium 
stores, an~ (3) carbonic anhydrase activity. Recently, the 
role of effective arterial blood volume has been described as 
a major regulator of bicarbonate reabsorption In the dog. Studies 
In human volunteers prepared on high and low salt diets, with bl­
carbonate teabsorptlve rates determined by standard techniques 
have been performed. Seven volunteer subjects have been· studied, 
and It appears that an Inability to facilitate adequate Intra­
vascular volume expansion and contraction in the human subjects 
precludes the precise definition of the role of lntravascular 
volume and ~icarbonate reabsorptlon In this setting. 

Vo 1 ume Expansion 
Volume Contraction 
Human Vo 1 unteer 
Bicarbonate Excretion 



45-1 

STUDY OF THE EFFECT OF VOLUME EXPANSION ANO VOLUME CONTRACTION 
ON BICARBONATE EXCRETION IN Hll1AN SUBJECTS. A CLINICAL ANALOGUE 

OF CHANGES IN INJURED PATIENTS 

The rate of renal bicarbonate reabsorption is controlled by 
total body potdssium stores, carbonic anhydrase activity, pC02 
tension, and the effective arterial blood volume. Studies fr.om this 
laboratory have Identified the effective arterial volume as a 
major regulator of bicarbonate reabsorptlon, presumably as a 
result of control of proximal tubular reabsorptlon. A recent 
report has suggested that the extracellular fluid volume In ad­
dition h!s an effect on bicarbonate reabsorption in man as well as 
the dog. In these studies, the bicarbonate reabsorptlon rate In 
normal human subjects was studied before and after volume contrac­
tion, using dietary maneuvers. A small change in bicarbonate re­
absorption was demonstrated by these techniques, so that volume 
expansion tended to decrease bicarbonate reabsorptlon and volume 
contraction tended to Increase bicarbonate reabsorptlon. 

Volunteer convalescent burn patients have been used as sub­
jects In this study. They have been maintained on the following 
diets prior to scudy: (1) regular hospital diet ~Ith 35-150 mEq 
sodium Intake; (2) salt-restricted diets, with 13 mEq of sodium; 
(3) high-salt diet containing approximately 500 mEq of sodium. 
At the time the bicarbonate reabsorptlve studies were done, 
further attempts were made to decrease effective arterial volume 
by having the subject stand In the upright position with a 
partial occlusive wrap around the thighs to Impede venous return 
or to expand the circulation by elevating and wrapping the legs 
from the feet to the thigh In order to decrease the volume of 
blood In the extremities, or by the rapid Infusion of 33 ml/min 
of lactated Ringer's solution for 60-90 minutes. Standard 
clearance techniques were used to evaluate bicarbonate reabsorp­
tlon. A total of seven subjects have been studied and the 
results are shown In the table. 

These selected clearance periods on the seven subjects studied 
seemed to demonstrate a small but significant effect of changes 
In extracellular fluid volume on bicarbonate reabsorptlon in six 
of the seven subjects studl'ed. These r.hanges, however, are so 
small that it Is difficult to be certain of their significance. 
The degree of change seen in these subjects, however, Is no dif­
ferent than reported by S1atopo1sky and his associates in a 
prior publication. 2 It appears that as chloride excretion 
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increases (chloride excretion being a marker of effective volume 
expansion), that bicarbonate reabsorption tends to decrease, and 
as fractional chloride excretion decreases, bicarbonate reabsorp­
tlon tends to Increase. 

These studies suggest that in man bicarbonate reabsorptlon 
Is mediated In part by changes In £ffectlve arterial blood volume. 
However, the changes seen in these studies are of such small 
degree that the conclusion cannot be definitely reached. The 
primary re~son for the small changes seen in these subjects is 
the great difficulty in adequately volume expanding and volume 
contracting normal subjects. This only occurs effp,ctively in 
disease states when the pathophyslologic situation is so ab­
normal that a major effect has been created on the effective 
arterial blood volume. It is not feasible to induce such major 
pathophyslologic abnormalities in these volunteer subjects; 
hence it will remain very difficult to satisfactorily document 
the effect of changes in the effective arterial volume in 
normal subjects. 
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23. (U) Metabolic alkalosis is d comnon acid-base disturbance seen in injred or severely 
ill troops. This study was designed to fully examine the pathophysiology of this disorder 

24. (U) This disturbance of acid-base hemeostasis has been examined by studying the 
development and correction of hypokalemic metabolic alkalosis and contraction alkalosis 
in dogs. The effect on acid-base balance of selective aldosterone deficiency was also 
studied. Since it soon became apparent that aldosterone played a key role in this dis­
order, its effect on Na transport in the entire nephron was examined. 

25. (U) 70 17 - 71 06- Results obtained thus far demonstrate that metabolic alkalosis 
cannot be generated by the kidney in the absence of hyper~ldosteronism. Metabolic alka­
losis can be maintained by the kidney in the absence of hyperaldosteronism provided a 
stimulus to proximal reabsorption exists. Potassium deficiency can resul, in metabolic 
alkalosis provided hyperaldosteronism exists. No effect of aldosterone on sodil.l'l'I trans­
port at any site of the nephron save the distal exchange site has bean demonstrated • 
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Metabolic alkalosis is a conmon acid-base disturbance seen 
in injured or severely ill troops. This study was designed to 
fully examine the pathophysiology of this disorder. The develop­
ment and correction of hypokalemic metabolic alkalosis and con­
traction alkalosis has been studied in dogs. The effect on acid­
base balance of selective aldosterone deficiency has been also 
studied. Since it soon became apparent that aldosterone played 
a key role in this disorder, its effect on Na transport along 
the entire nephron has been examined. Metabolic alkalosis can 
not be generated by the kidney in the absence of hyperaldosteron­
ism. Metabolic alkalosis can be maintained by the kidney, however, 
provided a stimulus to proximal reabsorption exists. Potassium 
deficiency can result in metabolic alkalosis provided hyperaldos­
teronism exists. No effect of aldosterQne on sodium transport at 
any site of the nephron save the distal exchange site has been 
demonstrated. 

Aldosterone 
Chlodde 
Potassium 
Extracellular Volume 
Metabolic Alkalosis 
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EFFECT OF CHLORIDE AND EXTRACELLULAR VOLl.ME ON 
CORRECTION OF METABOLIC ALKALOSIS 

This project has continued to explore the relationship of 
aldosterone, potassi\.1'11, and extracellular vol\.l'lle to the genesis 
and maintenance of metabolic alkalosis. 

We have now demonstrated that hypokalemic metabolic alkalo­
sis requires both potassi\.1'11 deficiency and mineralocorticoid 
excess to be generated. New bicarbonate is generated almost 
entirely in the distal nephron. Once metabolic alkalosis has been 
generated, however, accelerated distal hydrogen for sodi\.1'11 ex­
change is not necessary to maintain it provided there is a stimu­
lus to proximal reabsorption. Such a stimulus exists in contrac­
tion alkalosis where we have found that metabolic alkalosis once 
generated (in the presence of increased amounts of mineralo­
corticoid) may be maintained without excess mineralocorticoid. 
The model of hypokalemic metabolic alkalosis we use (DOCA, NaCl, 
and NaHC03 administration) does not have a strong stimulus to 
proximal reabsorption because the stimulating effec.t of potassium 
deficiency is counter-balanced by the inhibitory effect of 
vol\.l'lle expansion. Thus, this type of metabolic alkalosis requires 
enhanced distal hydrogen .secretion to be maintained as well as 
to be generated. It may be corrected either by replacing the 
deficit of potassi\.1'11 or by removing excess mineralocorticoid 
hormone. 

The role of aldosterone on sodium transport in the proximal 
tubule and the ascending limb of the loop of Henle has been 
examined by measuring bicarbonate reabsorption, steady state 
sodi\.1'11 excretion, and free water clearance and reabsorption 
during aldosterone deficiency. We have not been able to identify 
any net effect of aldosterone on sodi\.1'11 transport in any segment 
of the nephron save the distal exchange site. 

Publications 

Kurtzman NA, White HG, Rogers PW: The effect of aldosterone 
deficiency on the renal reabsorption of Na+, c1-, and Hco3. Clin 
Res 18: S07, 1970. 

White MG, Kurtzman NA, Rogers PW: Aldo~terone deficiency and 
renal bicarbonate reabsorption. Proc Amer Soc Nephrol 4:86, 
1970. 
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Kurtzman NA, White MG, Rogers PW: Relationship of potassi1.111 
deficiency, salt intake, and mineralocorticoid activity to meta­
bolic alkalosis. Proc Amer Soc Nephrol 4:44, 1970. 

Kurtzman NA, White MG, Rogers PW: Pathogenesis of hypokalemic 
metabolic a1ka1osis. Clin Res 19: 57, 1971. 

Kurtzman NA, White MG, Rogers PW: Studies on the pathogenesis 
of meta .bo1ic a1ka1osis.Clin Res 19: 537, 1971. 

Kurtzman NA, White MG, Rogers PW: Aldosterone deficiency and 
renal bicarbonate reabsorption. J Lab C1in Med 77:931, 1971. 

Presentations 

Kurtzman NA: Pathogenesis of metabolic a1kalosis. Presented at 
Southern Salt, Water and Kidney Club meeting, Sarasota, Fla. 
October 1970. 

Kurtzman NA: Pathogenesis of metabolic alkalosis. Presented at 
Univ of Maryland Co11ege of Medicine Grand Rounds, Baltimore, 
Md., November 1970. 

Kurtzman NA: Pathogenesis of metabolic alkalosis. Presented at 
meeting of Amer Fed for Clin . Res, New Orleans, La. January 
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23. (U) To determine If the correction of metabolic acidosis associated with chronic 
renal Insufficiency, by administration of exogenous alkali, results In expansion of 
the circulation. The relationship of sodium to lntravascular volume Is Important In 
maintenance of renal function and In resuscitation therapy. 

24. (Ul This problem Is being assessed by maintaining patients with chronic renal 
Insufficiency, on a constant sodium chloride Intake, and then for a given period of 
time administering exogenous alkali. Assessment of the retention of alkali and the 
net sodium balance will be by analysis of the urine sodium excretion, the patient's 
serum sodium, and changes In the patient's body weight. 

25. (U) 70 07 - 71 05 One patient with chronic renal Insufficiency has been studle 
No other suitable patients tave been available for study during this past y,ar, and 
because of the lack of suitable patient material, this study Is being terminated • 
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ABSTRACT 
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Treatment of metabolic acidosis which accompanies chronic 
renal Insufficiency by the administration of alkali has been 
regarded as hazardous. The criticism raised against the cor­
rection of metabolic acidosis by the administration of alkali 
ts that sodium bicarbonate retention occurs, resulting In prog­
ressive extracellular volume expansion, leading to a venous con­
gestive state. We acknowledge that this sequence of events is 
likely to occur when congestive heart failure, severe hypoal­
bumtnemla, or I Iver disease with ascltes coexist with chronic 
renal failure. Such a compltcatlon seems unlikely in the edema­
free patient with chronic renal Insufficiency. The capacity 
of the diseased kidney to excrete chloride and retain bicar­
bonate when the actdotic state ts corrected by the administra­
tion of exogenous bicarbonate loads has not been explored In 
the chronic steady state situation. 

It seems entirely possible that with the administration of 
alkali, and the correction of the metabolic acidosis, a reten­
tion of small to modest amounts of bicarbonate occurs. The 
kidney wtll excrete whatever amounts of bicarbonate is in 
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excess of what is necessary to correct the serum bicarbonate, 
leading to a bicarbonate diuresis, and no further bicarbonate 
retention will occur. Whereas, if sodium chloride were ad­
ministered in the same situation, the degree of sodium 
chloride retention may be considerably greater than when the 
equivalent amount of sodium bicarbonate Is administered. The 
reason for this Is that sodium chloride will not be ex­
creted In excess of the maximum reabsorptlve rate as 
will bicarbonate, but rather a certain per cent of the filtered 
sodium chloride will be reabsorbed, depending upon the load ad­
ministered and the state of the vascular volume. Unfortunately, 
suitable subjects for this study have not been available during 
this past reporting year. Because of the lack of avatlablllty 
of suitable patient material, this study Is being terminated 
without any definite conclusions having been reached. 

Sodium Balance 
Chronic Renal Insufficiency 
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23. (U) To determine the role, If any, of extracellular volume on uric acid metabolism 
In s tarvatl~n. Present explanations suggest that hyperurlcemla associated with 
starvation may be secondary to Impaired secretion by renal tubules due to effect of 
Increased levels of the various ketones In the blood (B-hydroxylatyric acid, 
acetoacotlcald, ketones). 

24. (U) Obese patients, on active duty, who are otherwise healthy are hospitalized and 
placed on a starvation diet until hyperuricemla develops; then given 100 Meq sodium· 
diet for four weeks; then given a 100 gm carbohydrate diet. These three dietary blocks 
are given In random order with various subjects studied. The patient's weight serum 
and uric acid, renal function, electrolytes, ketonemla and ketonurla are monitored 
dally. 

25. (U) 70 05 - 71 06 From Initial ·studies, It appears that the hyperuricemia associated 
with starvation can be controlled by expansion of the extracellular volume. Further 
studies have not been accomplished because of the lack of suitable obese active duty 
servicemen who are willing to submit to such a study. Also measurement of 
B-hydroxybutrylc acid (presently not available at our laboratory) is needed to 
make the data more meaningful. 
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Previous studies have clear ly demonstrated an elevation in 
the serum uric acid during the starvation of obese individuals. 
Explanations for this phenomenon are varied. One of the pre­
viously unavoidable side effects of starvation was orthostatic 
hypotenslon, an indirect Indication of reduced extracellular 
volume. 

This study was designed to determine the effect of extra­
cellular volume on uric acid metabolism. Three healthy, obese 
patients have been studied to date. From data obtained on these 
Individuals, It would appear that the hyperurlcemla associated 
with starvation can be controlled by expansion of the extra­
cellular volume. 

Obesity 
Hyperurlcemla 
Starvation 

* From the Dept. of Hospital Clinics, Brooke Gen. Hosp., Brooke 
Army Medical Center, Fort Sam Houston, Texas 78234 
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RELATIONSHIP OF EXTRACELLULAR VOLUME AND URATE METABOLISM 
IN STARVATION THERAPY OF GROSSLY OVERWEIGHT TROOPS 

Studies by various investigators in the past have demon­
strated a marked elevation in serum uric acid during starvation 
in obese patients. Past explanations for this phenomenon ·have 
included: (1) increased serum ketoacids; (2) decreased glomeru­
lar filtration rate, (3) altered enzymatic mechanisms of renal 
tubular cells, (4) altered serum lactate/pyruvate ratio, (5) de­
creased serum glucose and amino acid levels. These mechanisms no 
not fully explain the marked rise in serum uric acid levels noted. 
It is apparent that prolonged starvation is associated with ortho­
static hypotension, an indirect indication of the reduction of 
extracellular volume. The purpose of this study is to determine 
the role of volume expansion on the uric acid clearance during 
starvation in healthy, obese, active duty servicemen. 

Materials and Methods 

All patients were placed on a regular hospital diet without 
added medications during the first three days of the study. Dur­
ing this time, baseline studies were obtained to include: CBC, 
electrolytes, serum uric acid, glucose, A/G ratio, calcium, 
phosphate, cholesterol, triglycerides, lipoproteln electrophoresis, 
creatinine clearance, 24-hour urine for calcium, phosphate, sodium 
potassium, uric acid. Other baseline studies Include: PBI, T4, 
serum lactate and pyruvate, serum and urine osmolallty, serum and 
urine ketones and arterial pH, pCO2 and pO2. 

After three days of normal caloric Intake, the patients were 
begun on a zero calorie diet with supplemental multivitamins and 
restricted salt intake. On d~y 3, dnd three times weekly there­
after, serum uric acid, electrolytes, glucose, and creatlnine 
were obtained. Twenty-four hour urines for uric acid, creatlnine, 
sodium and potassium and spot checks for urinary ketones were ob­
tained on the same days. The hematocrlt, serum and urine osmola­
lity, serum pyruvate and lactate, ketones, calcium and phosphorus 
were obtained weekly. 

The A/G ratio, ~holesterol, triglycerides, and llpoproteln 
electrophoresis will be obtained every two weeks. Arterial pH, 
pCO2 and pO2 were obtained as indicated. 

' 
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The zer~ calorie, salt restricted (10 mEq Na) diet was 
continued until all modalities stabilized except weight loss; 
100 mEq Na was then added to the diet and the above laboratory 
procedures repeated as indicated. This salt Intake was con­
tinued until all modalities again stabilized. 

The starvation diet was continued on each patient until the 
desired weight reduction had been obtained. During the period 
of the study, water was not restricted. Activity about the 
ward was encouraged. Vital signs were obtained twice dally 
during the period or observation to Include supine and erect 
blood pressure determinations. 

Results and tonments 

Three subjects h3ve been studied. The data on one subject 
is inconclusive because of lack of cooperation in following 
the diet. The other two subjects had mean control serum uric 
acid levels of 6.0 mg%, mean serum uric acid of 12 mg% during 
starvation, 8 mg% during volume expansion with sodium chloride, 
and 6.0 mg% while receiving 100 g carbohydrate dally. 

Although more subjects need to be studied, the present 
data suggest that expansion of the extracellular volume controls 
the hyperurlcemla associated with starvation. 

Publications and/or Presentations 

None 
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23. (U) To determine If prolonged exposure to critically 111 Individuals, such as 
patients with burns, In an Intensive care situation leads to signs of lnc~eased stress 
In nursing personnel. 

24. (U) The approach to this study will be to test each subject within the first 48 
hours of his assignment to a work area In Brooke General Hospital or to Ward 14A. 
Each subject will be retested at the end of three months or six months. 

25. (U} 
C 11 nica I 
Offl cers 
Surgical 

70 07 - 71 06 Forty-five subjects, 16 Army Nurse Corps officers and 29 
Specialists were tested during the reporting period. Seven Army Nurse Ccrps 
and 15 Clinical Specialists were assigned to Ward 14A of the Institute of 
Research. The rem,1lnlng subjects were assigned to Brooke General Hospital. 
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ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BICl4EDICAL SCIENCES 

REPORT TITLE: IDENTIFICATION OF PRESENCE OF STRESS IN NURSING 
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Th;s study h designed to determ·ine ;f prolonged exposure 
to crit;cally ;11 ;nd;v;duals ;nan intensive care situation, 
such as patients w;th burns, leads to signs of increased stress 
in nurs;ng personnel. Forty-five of the required 60 subjects 
have completed testing dur;ng the report;ng per;od. Nine Army 
Nurse Corps off;cers and 14 Clinical Special;sts (91C) were 
ass;gned to Brooke General Hosp;tal. Seven Army Nurse Corps 
officers and 15 c1;nical Specialists (91C) were assigned to 
Ward 14A of the Inst;tute of Surgical Research. 

Stress 
Intensive care 
Nursing 
Social psychology 
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IDE1TIFICATION OF PRESENCE OF STRESS IN NURSING PERSONNEL 
CARING FOR CRITICALLY ILL PATIENTS 

A study ;s be;ng carr;ed out to determine ;f prolonged ex­
posure to cr;t;cally ;11 ;nd;viduals ;nan intens;ve care situa­
t;on, such as caring for burned pat;ents, leads to signs of ;n­
creased stress in nursing personnel. 

Nl.lTlerous stud;es have been done to measure physiological 
and psychological ;nd;cators of stress. Articles ;n nursing and 
medical journals have expressed concern about stress placed on 
nurs;ng personnel. Publicat;ons concerning stress and nurs;ng 
personnel have been ph;losophical and rarely refer to objective 
studies. Vreeland and Ellis have made observation of nursing 
personnel ;nan intensive care unit but did not carry out a 
planned study. Cleland,in a field study, showed that a 1;ttle 
stress improved nursing performance, but mounting stress made 
performance drop dangerously. 

Stress is some phys;ological, chemical, or ernot;onal factor 
to wt,;ch an ;ndividual fa;ls to make~ sat;sfactory adjustment 
which causes phys;olog;c tens;ons • . In this study, stress ;s de­
fined as the work experiences of each subject from .the time he 
is f;rst tested unt;l the t;me of h;s second testing. 

Reconmendations have been made that personnel working in 
intensive care units be relieved from this work area periodi­
cally. However, to develop nursing proficiency ;n a specialty 
care area, experience is necessary. T;me and exposure are essen­
t;a1 to acquire experience. 

If indicators of stress in an intensive care area can be 
measured, steps may then be taken to decrease or to divert some 
of the causes of this stress. Hopefully, this would lead to 
improved personnel performance and improved nursing care. Guide­
lines for assignment could lead to an increased performance of 
nursing personnel and aid in the development of needed educational 
and staffing programs. 

Two groups of 30 subjects each are to be used as the study 
sample. Each group will be divided into two sections of 15 sub­
jects. Each section of 15 subjects will be comprised of five 
Army Nurse Corps (ANC) officers and 10 Clinical Specialists 
(91C). Subjects assigned to Ward 14A of the Institute of 
Surgical Research (ISR) will be the experimental group. The 
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_ ~s assigned to other than 
.cs in Brooke General Hospital 

Each subject will be tested imnediately after assignment to 
a work area in BGH or to Ward 14A, ISR. He will be given the 
Mood Adjective Check List (MACL) and the group wi 11 be retested 
in six months. Analysis of Variance t.echniques wi 11 be used to 
test the subjects' scores. 

It has been predicted that individuals assigned to the 
Intensive Care area of the ISR will demonstrate a significantly 
higher level of stress than will individuals assigned to the 
general care wards of BGH. Lack of significance will lead to an 
evaluation of unobtrusive measures such as n..nnber of times on 
sick call, days on quarters, and unplanned weight loss. Factor 
analysis of the eight factors in the MACL is planned and will 
be done by use of computer technique. 

S l.lffl\a r y 

Forty-five of the required 60 subjects have completed 
testing in this study to determine if prolonged exposure to 
critically ill individuals in an intensive care situation leads 
to signs of increased stress in nursing personnel. After al 1 
test data have been compiled, they wi 11 be subjected to appro­
priate statistical tests. Although indications are that stress 
increases in intensive care units, data in the present study are 
incomplete and results are not measurable at this time. The 
intermittent pattern of assignment of new personnel into the two 
clinical situations wi 11 continue to affect the testing program. 
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23. (UJ Frozen, elec tron-beam Irradiated, porcine cutaneous xenograft Is being evaluated 
on the basis of clinical and immunological criteria for use as a temporary physiologic 
dressing in the treatment of full-thickness thermal burns. Development of a suitable 
skin sibstitute will facilitate care of extensively burned patients and eliminate the 
limitations associated with use of viable cutaneous allografts. 

24. (U) One group of burned patients wl 11 have their burns covered only with porcine 
xenograft between eschar separation and autograftlng, and In another group proclne xeno­
graft will be compared with viable cutaneous allograft. Graft take and condition of 
the graft bed will be evaluated cllnlcally and documented with photographs; autograft 
take and subsequent scar formation will b~ noted. Porcine skin cellular antigen will 
be produced, and both humoral and cellular antibodies will be assayed In recipients. 

25. (U) 70 07 - 71 06 Clinical experience with the frozen, electron-beam Irradiated 
porcine xcnograft during the past year Indicates that It Is effective as a temporary 
blolo~icdl dressing but that It is not, In Its present form, as satisfactory as viable 
cutaneous allograft. The major disadvantages of the Porcine material Include early 
subgraft suppuration within 24 to 48 hours after application and desiccation at the 
edges of the graft. Major advanta9os Include Its availability, guaranteed sterility, 
and torage requirements. 
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During the past 12 months, frozen, electron-beam irradiated 
porcine cutaneous xenograft was evaluated as a temporary physiologic 
dressing in the treatment of third-degre~ burn wounds during the 
period between eschar separation and autografting. 

Results indicated that xenograft adequately prepared de­
brided granulating wound beds .for autografting. Subcellular an­
tigenic fractions of porcine skin did not ellcit delayed hyper­
sensitivity reactions when injected lntradermally into 20 burn 
patients who had been previously treated with sequentlal ap­
plications of xenograft. 

It was therefore concluded that frozen, Irradiated porcine 
cutaneous xenograft functions Is a satisfactory physiologic 
dressing in the treatment of healing burn wounds. A supply of 
this product wil I be maintained for cllnical use at this Institute. 

Xenograft 
Burns 
Allograft Substitute 

Heterograft 
Homograft Substitute 

' 
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CLINICAL AND IMMUNOLOGICAL EVALUATION OF FROZEN, ELECTRON-BEAM 
IRRADIATED PORCINE XENOGRAFT AS A SKIN SUBSTITUTE 

This study was undertaken to evaluate potential substitutes 
for human cadaver allograft in the treatment of healing burn 
wounds. The benefits of allograft when used as a temporary phys­
;otog;c dressing on granulating wounds has been well documented. 
However, insufficient supply of available cadaver donors neces­
sitates a continuous search for adequate substitutes. 

Method 

Twenty-five burn patients with bilaterally symmetrical third­
degree burns were treated with frozen Irradiated porcine cutaneous 
xenograft during the period between eschar separation and auto­
grafting. Xenograft was applied to one-half of the wound and 
cadaver allograft to the other half. Grafts were removed and 
changed every 24 to 72 hours and graded subjectively according 
to graft adherence, appearance of the wound bed, and occurrence 
of subgraft suppuration. When the grafts were adherent to the 
entire wound and the wounds revealed granulation bleeding upon 
removal of the alto- or xenograft, autografting was performed. 

Frozen, electron-beam Irradiated porcine cutaneous xeno­
graft was obtained from a conmerclal supplier and stored In­
definitely In a deep freeze. The skin, packaged In sterile 
plastic bags, was thawed by submersion In a water bath at 37•c 
for 30 minutes prior to use. 

A subcellular antigenic fraction extracted from the porcine 
skin was prepared and Injected lntradennally Into 20 patients 
previously treated with porcine skin In an attempt to ellclt 
evidence of an lnwnunologlcal response to xenograft. 

Results 

In all patients treated with porcine cutaneous xenograft, 
flnal autograftlng was accompllshed at the same time In both 
halves of the wound. There was no significant difference In 
autograft take betwNn wounds treated with porcine xenograft 
or hman cadaver allograft. 

Application of xenograft was somewhat more dlfflcult than 
appllcatlon of allograft because of decreased lnltlal adhesion 
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to the wound bed. Wraps of wet sal lne dressings·for 24 hours 
usually aided adherence when circumferential extremity burns 
were involved. Subgraft suppuration developed more frequently 
under xenograft than under allograft, resulting in an average 
of two more graft changes for wounds treated with xenograft. 
However, when all debris was gone and clean granulating wounds 
were encountered, xenograft adherence matched that of allograft, 
and brisk granulation bleeding resulted from stripping of the 
graft from the wound bed. 

Attempts to elicit evidence of delayed hypersensitivity to 
porcine xenograft by intradermal injection of subcellular skin 
extracts were uniformly unsuccessful in 20 patients; 0. 1 cc of 
extract was injected intradermally prior to xenografting and 
again after wound healing was complete. All skin tests were 
negative. 

Conclusions 

1. Frozen, electron-beam irradiated porcine cutaneous 
xenograft is a satisfactory substitute for fresh cadaver allo­
graft in the treatment of healing burn wounds. 

2. Porcine xenograft demonstrates no eviden~e of delayed 
hypersensitivity by thP. testing described tn patients treated 
with serial applications of p;g sk;n. 

3. Frozen Irradiated porcine xenograft ts well preserved 
by deep freezing and ts easily reconstituted for use by 30 
minutes' submersion in 37•c water bath. After thawing, the skin 
may be stored for up t~ 2 weeks at 4•c In a standard refrigerator. 

4. Fresh human allograft ts still the preferred physiologic 
wound dressing, and porcine xenograft will be used only when 
homograft supply is Inadequate because: 

a. Porcine xenograft tends to desiccate on the wound 
and must be changed more often. 

b. While porcine xenograft provides adequate temporary 
coverage to clean, granulating wounds, It does not adhere as 
well as allograft to Incompletely debrlded wounds due to sub­
graft suppuration. 

I 
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5. On the basis of this report, a supply of frozen, 
electron-beam irradiated porcine cutaneous xenograft wlll be 
maintained for cllnlcal use when fresh allograft Is unavailable. 

Presentations 

Silverstein P: The graft-host relatlonshlp of split-thickness 
porcine xenograft to human and animal wounds. American Burn Assoc 
Anl Meeting, San Antonio, Texas, 16 Apr 1971. 
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This study was undertaken to examine graft vascularization, 
graft rejection, and immediate and delayed immunologic sequelae 
following appltcatlon of porcine xenograft to granulating 
wounds. 

The wound interface was studied by (1) macroscopic observa­
tion of first, second, and third set grafts to excised wounds 
measuring 20°/4 of the total body surface in 100 male rats; (2) 
serial htstologlc examination of the grafted wounds following 
l!l vivo intravenous India ink injections; and (3) clinical 
comparison of wounds treated with allograft and xenograft in 
50 patients with major burns. Standard immunologic techniques 
were employed to evaluate antigenicity of porcine xenograft, 
elicitation of anti-pigskin antibodies (precipitlns), and 
Induction of delayed hypersensitivity in both patients and 
an Ima Is. 

Porcine xenograft proved an acceptable substitute for 
a11ograft. It adhered to the wound and adequately prepared 
it for subsequent autografting. However, more frequent sub­
graft suppuration was noted under xenograf t. De 1 ayed hyper­
sensitivity to pigskin antigen and precipitin-type antibodies 
were not observed. Xenografted rats showed neither typical 
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acce lerated second s e t nor "white graft" rejection unless 
previously sensitized by parenteral administration of sub­
cellular pigskin antigen. Graft vascularization was not 
observed; and it is probable that absence of vascularlza­
tion prevents sensitization of the host and shortens dura­
tion of ad equate wound coverage. 

Viable Xenograft 
Burns 
Wound Cover 

I 
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EVALUATION OF FRESH, VIABLE PORCINE CUTANEOUS XENOGRAFT 
AS A TEMPORARY BURN WOUND COVER 

In recent years, surgeons have become familiar with the bene­
fits of fresh cadaver a11ograft in the treatment of burn wounds. 
But because the supply of allograft seldom matches the demand, 
many phys icians have been unable to avail themselves of this bio­
logic dressing. Laboratory and clinical evaluation of viable 
porcine cutaneous xenograft as a substitute for cadaver allo­
graft is the purpose of this study. 

Since 1966 when Song and Bromberg published their experiences 
with porcine skin, many laboratories and burn centers have begun 
to use split-thickness xenograft both experimentally and in the 
hospital to fill the gap in supply of allograft. In general, 
xenograft is utilized in the same fashion as allograft. It is 
applied to full-thickness burns following eschar separation, 
amputation sites, or traumatic wounds in which large areas of 
denuded tissue are exposed with associated ~vaporative heat and 
water loss, exudative protein loss, and infection. Coverage of 
these wounds with temporary dressings of living xenograft is 
accompanied by alleviation of pain, reduction in evaporative 
losses, facilitation of physiotherapy and improvement in the 
quality of granulation tissue. 

Although difficult to prove, an empirically seasoned impres­
sion is that xenograft and allograft facilitate wound healing by 
some unknown mechanism which encourages growth of granulation 
tissue and prepares the wound for earlier autografting than would 
have occurred with standard gauze dressings. 

Xenografted wounds are usually left exposed, but they may be 
covered with moist gauze dressings in circumferentially burned 
extremities to prevent dislocation of the graft. After 24 to 
48 hours, the grafts are usually well adherent to the wound, 
unless particles of retained eschar or bacterial infection have 
generated pockets of purulent exudate. In the latter case, 
grafts are changed daily until good adherence is noted. From 
that point, grafts are inspected daily but changed every two to 
five days until autograft coverage can be achieved. After several 
days on the wound, the graft edges begin to des iccate and the 
graft slowly separates from the wound bed unless removed and 
changed. 

We have now treated over 250 patients with porcine xenograft. 
A controlled protocol was followed for the first 50 patients to 
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evaluate subjectively graft adherence and the appearance of 
healthy granulation tissue. After 48 hours on the wound, the 
graft was removed and graded on a 1 to 4 scale: 

Grade 1. 
Grade 2. 
Grade 3. 
Grade 4. 

Poor adherence with subgraft suppuration. 
Poor adherence with no subgraft suppuration. 
Good adherence with no granulation ble~dtng. 
Good adherence with granulation bleeding. 

When a grade 4 was achieved~ the wound was autografted with uni­
formly excel lent results. 

In the 50 patients studied, a grade 4 graft and granulating 
wound bed ready for autograft was achieved after: 

1 application of porcine xenograft in 8 patients. 
2 app 1 i cat ions of porcine xenograft in 10 patients. 
3 applications of porcine xenograft in 1 I patients. 
4 appl icatlons of porcine xenograft in 13 patients. 
5 app I I cations of porcine xenograft in 8 patients. 

These results approach those achieved with fresh cadaver 
allograft which usually prepares the wound for autografting 
after two or three applications. Xenograft requires more fre­
quent changes than allograft because of poorer adherence in the 
freshly debrided wound and increased subgraft suppuration. 
However, once all retained particles of eschar have been re­
moved, porcine xenograft is as satisfactory a wound cover as 
a 11 ograft. 

On histological examination, the xenografted wound demon­
strates close coaptation at the graft-recipient junction. The 
epidermis of fresh, conmerctally suppl led xenograft is intact 
but does not appear to undergo an epltheltal regenerative cycle 
(in contrast to fresh xenograft harvested In our own laboratory). 
Granulation tissue fran the host extends between the collagen 
bundles of donor dermis, thus anchoring the graft. Sane bleed­
ing occurs fran these adherent foci when the xenograft is re­
moved. Neut rophils infiltrate the graft fran the recipient's 
vascular granulation tissue, although none of the classic 
histologic features described in trnmunopathologic rejection, 
such as hemorrhage, necrosis or mononuclear round cell inflltra­
t ion occur. 

Clinically, xenograft functions as an acceptable allograft 
substitute, and there ~as been no clinically significant 

I 
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human sensitization to split-thickness cutaneous xenograft en­
countered. To learn more about xenograft adherence to wounds 
and the relatively inert behavior of xenograft without evidence 
of violent cross-species invnune rejection , freshly harvested , 
viable porcine skin 0.010-0.02011 thick was applied to excised 
20"/o total body surface wounds on the backs of 200 g ma l e 
Sprague-Dawley rats. First, seconr:i and third set grafts 1,~ere 
studied, and an attempt wr~ made to demonstrate graft vascular­
ization by intravenous inj~ction of carbon particle suspension 
at various intervals post grafting. 

The application of split-thickness xenograft to excised 
rat wounds is performed under surgically clean conditions and 
barbiturate anesthesia. Grafts are secured by Michell clips 
and read daily by three observers. End of adequate wound 
coverage is arbitrarily selected as the day on which 50"/o or 
more epithelial slough is noted on the graft. 

First set xenografts of pigskin or human skin applied to 
the Sprague-Dawley rat slough at an average of 8 to 10 days. 
Second and third set grafts applied 14 days later persist 
even longer--up to 13 days. The superaccelerated 11white 
graft" rejection does not occur. Using the .ln vivo observa­
tion technique of Taylor and Lehrfeld, no circulation was ever 
seen in split-thickness xenografts viewed under a dissecting 
microscope. To achieve histologic confirmation of this 
phenomenon, 5 cc of carbon partic~e suspension were injected 
via the tall vein 3 minutes prior to sacrifice, and sections 
were made of the wounds at 3, 6, 9, 12 and 20 days post 
grafting. Appropriate controls of autograft and Long-Evans 
rat allograft were also studied for comparison. Carbon par­
ticles were seen to freely circulate to dermal vessels of rat 
autograft by the third postgraft day, and regenerating squamous 
epithelium in the pl lo-sebaceous apparatus surrounding hair 

,.,shaft was apparent. Xenograft vesse Is in contrast do not con-
ta l n carbon particles, indicating that the graft ls not vas­
cularlzed by the recipient host. Nevertheless, neutrophils 
do infiltrate the graft from capillaries in the underlying 
granulation tissue, demonstrating that cellular interaction is 
possible regardless of actual vascularization. Fresh xenograft 
has a viable epidermis that undergoes regeneration at the surface 
of the graft and from the cut ends of hair follicles on the under­
surface of the graft. However, because it is never vascularized, 
xenograft slowly becomes necrotic in the animal model, with 
superimposed bacterial infection. In contrast, autograft was 
fully taken in all sections studied at various postgraft intervals. 
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Allograft from Long Evans to Sprague-Dawley rats under­
went histologic rejection first noticeable at day 6, with 
necrosis and dissolution by in growth of granulation tissue. 

Fresh human cadaver skin grafted onto the excised rat 
back demonstrates the same results as po rcine xenograft. 
Viability of both porcine and human ti s sue is supported by 
respirato ry measurements indicating t hat grafts consume 100-
150 mu moles o2/min/g tissue for up to two days post 
harvesting. Oxygen consumption t h~ reafter decreases as 
eel lular death occurs. 

Thu;, the xenograft may function as a 11 dre3s i ng11 offer­
ing a semipermeable barrier layer to evaporation and a scaf­
folding layer at the cut surface for ingrowth of granulation 
tissue from the wound bed. 

We have been unable to rlemonstrate any evidence of recip­
ient sensitization. Subcellular extract prepared from both 
fresh and frozen, porcine skin and fresh pig spleen fat 1 to 
induce an accelerated rejection in grafted rats. Subcellular 
extract injected intradermally into 20 human patients before 
and after porcine xenografting elicited no evidence of delayed 
hypersensitivity. 

Injection of extract intravenously into rabbits over a one­
month per·iod in an attempt to induce sensitization failed to 
reveal the presence of precipitin antibodies against the ex­
tract by the Ouchterlony technique. 

If it is reasonable to presume that split-thickness xeno­
graft is not vascular ized and depends on diffusibte material 
from th~ wound bed for nutrition, rather than a blood supply, 
then diffusible antigraft antibodies, if they are produced, 
should not materially hasten graft death, since these ant i ­
bodies have previously been shown to be directed against the 
graft's vascular endothelium. 

In summary, it may be said that split-thickness porcine 
cutaneous xenograft is an adequate substitute for fresh human 
allograft in the preparation of open granulating wounds for 
autografting or secondary closure. Xenograft does no! appear 
to e licit strong antigenicity and dies by slough due to cel­
lul a r ischemia rather than due to immunologic rejection. It 

' 
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does not vascularize and is evidently incapable of inducing ac­
celerated rejection by a host that has been sequentially grafted 
from the same or different donor animal. Should recipient sen­
sitization be induced by other routes, such as intraperitoneal 
injection of splenic extract, subsequently applied split­
thickness skin graft is not affected, probably because of its 
avascularly protected environment. 

Future investigation is necessary to fully define the im­
munologic status of split-thickness cutaneous xenograft. Why 
is split-thickness allograft vascularized and rejected in 
predictable fashion when xenograft is not? 

Aside from the question of immunity, there is also the 
logistic problem of supply and limited viability of fresh skin. 
New forms of xenograft must be developed which possess in­
definite shelf life and sterility, thereby permitting inexpensive 
storage and worldwide distribution. 

Presentations 

Silverstein, P: The graft-host relationship of split-thickness 
porcine xenograft to human and animal wounds. Presented at 
meeting of the American Aurn Assoc, San Antonio, Texas, 
16 Apr 1971. 
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ABSTRACT 

PROJECT NO. 3A061101A91Cr00, IN- HOUSE LABORATORY INDEPENDENT RESEARCH 

REPORT TITLE: PULMONARY PATHOPHYSIOLOGIC CHANGES FOLLOWING 
THERMAL INJURY 

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

Period covered in this report: 1 July 1970 - 30 June 1971 

Investigators: Alan H. Morris, M.D., MAJ, MC 
Kenneth W. Spitzer, CPT, MSC 

Reports Control Symbol MEDDH-288(R1) 

Several indices of lung function in 13 patients, studied 
during the early postburn period,have been serially determined, 
In an effort to define the pattern of lung function following 
thermal injury. A dramatic tachypnea, with apparently 
labored respirations, Is often noted at the bedside as the 
first suggestion of pulmonary difficulty, and precedes, by 
several days, the first appearance of abnormalities In the 
X-ray or physical examination of the lungs. During this 
period, the minut~ ventilation and oxygen consumption are 
both strikingly increased. Arterial oxygen tensions are very 
well pr eserved, and no significant hypoxemla Is apparent. 
Measurements of the static lung compliance have been well pre­
served and fall to reveal any major change In mechanical proper­
ties of the lung. The diffusing capacity for carbon monoxide 
has been within normal limits. The lung clearance index has 
been within normal limits. The forced vital capacity has been 
normal in some patients, and depressed in other patients, but, 
in all patients studied, it has been stable during this period 
of increased minute ventilation and oxygen consumption. 
Arterial oxygen tensions, with the patient breathing 100% 
oxygen, have been normal or only slightly depressed. We have 
tentatively concluded that the driven respiration, observed In 
this early postburn period, is due to an extrapu,monary cause 
and not to a major derangement of the lung itself. 

Burns 
Lung Mechanics 
Pulmonary Diffusion 

Shunt 
Vent I 1 at I on 
Blood Gases 

' 
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PULMONARY PATHOPHYSIOLOGIC CHANGES FOLLOWING THERM L INJURY 

Because of the frequency and severity of pul monary probl ems 
following thermal injury, and because of the paucity of informa­
tion concerning lung function during this period, we have und e r­
taken an investigation of lung function following severe non­
pulmonary burns. At the Institute of Surgical Research, the fir s t 
clinical suggestion of pulmonary difficulty has often been the 
dramatic development of tachypnea and labored respirations on the 
third to fifth postburn day, preceding by several days the first 
appearance of abnormalities of the physical or x- ray examination 
of the lungs. 

We have, during the past year, studied 13 burn patients dur­
ing the early postburn period. Their mean age, per cent burn, 
and fulJ - thlckness injury are indicated In Table 1. The diagnoses, 
made on a clinical basis, of inhalation injury were distributed 
among t.he five survivors and the eight patients who died as in­
dlcate,i. Two additional patients, without significant thermal 
injuries, were studied and their data includeq for comparison. 
One suffered an electrical injury and required amputation of 
both arms, and the other Incurred a severe and well documented 
Inhalation injury accompanied by an inconsequential 6% second­
degree burn. 

The results of studies of the indices of lung function listed 
In Table 2 were examined. The minute ventilation and oxygen con­
sumption were determined by the open circuit technique, ~nd the 
arterial blood gases measured while the patient was breathing 
room air. 

Static lung compliance was calculated from the recorded 
static pressure volume deflation curve of the lung. The diffus­
ing capacity for ~arbon monoxide was measured by the rebreathing 
technique. Lung clearance index is the number of liters of oxygen 
which must be breathed by the patient to dilute the lung nitrogen 
to 2% for each liter of air contained within his lungs. 

In the figures, the postburn day is indicated on the hori­
zontal axis and the function of interest on the vertical axis. 
In most, the upper and lower limits of ~ormal are indicated by 
horizontal lines. The dots represent the mean values of the 
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Table 1 

Died Survived 

N 8 5 

Age (years) 23 31 

% TBS 70 1+ 1 

% Third degree 33 11 

Inhalation injury 4/8 2/5 

Table 2 

- Minute ventilation 

- Oxygen consumption 

PO , PC o , pH - Arter 1 a 1 ( room a 1 r) 
2 2 

CL STAT - Static lung compliance 

FVC 

- CO diffusing capacity 
( rebreath 1 ng 

- Lung clearance Index 

- Forced vital capacity 

' 
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measurements made on N number of thermally injured patients, on 
any given day, and the bars, when present, represent the range of 
these measured values. The measurements made on the single pa­
tient with the severe and well documented inhalation injury, and 
those of the single patient with the electrical injury are in­
cluded for comparison. 

The magnitude of the Increase in ventilation present in thes e 
tachypneic patients can be well appreciated from Figure 1. The 
minute ventilation attained a maximum of approximately 50 liters 
per minute on the fifth postburn day, and remained at or above 
40 liters per minute for the next five days until the 10th post­
burn day. The patient with the electrical injury maintained a 
normal minute ventilation. The patient with the inhalation in­
jury had a significantly elevated minute ventilation, but it 
appeared small when compared with the striking increase observed 
in the thermally injured patients. 

The arrows Indicate, in the following figures, the period of 
marked elevation of the minute ventilation, the middle arrows 
indicating the time of maximum increase In minute ventilation. 

The oxygen consumption is also strikingly increased during 
the period of increased minute ventilation. The respiratory 
quotients are unremarkable (Figs. 2A and 28). 

The arterial oxygen tensions, during the period of striking 
Increase In both minute ventilation and oxygen consumption, 
are unremarkable (Fig. 3). Significant arterial hypoxemia was 
absent In the thermally injured group. Moderate arterial hypox­
emla was observed In the patient with the inhalation injury, 
but his minute ventilation, although Increased, was much less 
strikingly Increased than those of the thermally Injured 
patients. 

The static lung compliance was unremarkable and, for the 
most part, normal during the period of increased mi.nute ventila­
tion (Fig. 4). It was, In particular, normal at the time of 
maximal Increase in minute ventilation. No obvious change in 
lung stiffness was present to explain the driven respirations 
observed In these patients. 

The average lung clearance index of all thermally injured 
patients, the lung clearance index of those who died, and the 
lung clearance index of those who survived were all unremarkable 
and normal _at the time when minute ventilation was maximally 
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increased (Fig. 5). The increased values, which later followed 
in some patients, were obtained from patients near death at a 
time when X-ray and physical examination of the lung were ab­
normal. There was, during the early period, at a time when 
minute ventilation and oxygen consumption were both strikingly 
increased, no evidence of uneven distribution of inspired air. 

The forced vital capacities of two burned patients measured 
in the upright position, those of three burned patients measured 
in the supine position, and those of the patient with the in­
halation injury, measured in the semi-supine position, are de­
picted in Figure 6. Whether the forced vital capacity was normal 
or decreased, it remained unchanged before, during, and after the 
period of increased minute ventilation. 

We have not yet completed calculation of all of the measured 
diffusing capacities, but do have these data available from a 
patient who survived a 59"/o total body surface burn (Fig. 7). His 
diffusing capacity was uniformly within normal 1 imits before, 
during, and after the period of marked increase in minute venti­
lation. His static lung compliance decreased slightly from 
initially normal values, but remained stable during the period of 
marked minute ventilation. 

These observations, coupled with the unremarkable physical 
anu X-ray examinations of the lungs of these patients, during 
the period when the minute ventilation and oxygen consumption 
are so strikingly increased, have led us to tentatively con­
clude that this driven respiration, so dramatically apparent 
at the bedside, is due to an extrapulmonary cause and not to a 
primary derangement of the lung itself. 

Publications and/or Presentations 

None 
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23. (U) The purpose of this study is to determine the diffusing of the lung In burned 
patients. 

24. (U) Five burned patients have been studied employing a rebreathing technique. 

25. (U) The diffusing capacities of al I patients studied were within normal 11ml ts. 
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Studies of the pulmonary diffusing capacity for carbon 
m~noxlde have been completed In five burned patients. Three 
of the patients were studied during the acute phase of their 
Injury and two later during their course. One patient suf­
fered a severe Inhalation Injury and one an electrical burn. 
All determinations of diffusing capacity were within normal 
limits. 

Pulmonary Fa 11 ure 
Burns 
Pulmonary Diffusing Capacity 
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PULMONARY DIFFUSING CAPACITY FOLLOWING THERMAL INJURY 

Five acutely injured burn patients have been studied to 
1ate with burns ranging from 5 to 59°/o of the total body surface 
area (see Table) Patient 5 had a small surface injury but a 
well-documented severe inhalati·on injury . Patient 4 suffered 
a severe electric injury which necessitated disarticulatlon 
of the right shoulder and an above elbow amputation of the 
left arm on the 4th and 11th postburn days , respectively. 

The pulmonary diffusing capacity was determined in duplicate 
according to the method of Lewis, et al. 1 Briefly, It 
involves the patient rebreathing for 20-25 seconds, at about 30 
breaths/minute, a gas mixture containing 0.3% CO and 10.6% He 
in air. The contents of the bag were continuously analyzed for 
CO with a Beckman 215A CO analyzer. At the of the test, the 
concentration of helium, carbon dioxide, and oxygen In the bag 
was determined. The back pressure of carbon monoxide In the 
blood was measurea2 before the start of the first test only, 
and found to be within the normal limits of subjects studied 
in this laboratory. Previous studies on normals In the 
laboratory indicated the back pressure resulting from the 
rebreathlng test itself had negligible effect on the calculated 
diffusing capacity. 

Results and Discussion 

The results in the table are the man value of two consec­
utive diffusion studies. Al I studies were with the "normal 
1 imits" of 15.6 fo 40.4 with a mean value of 27.3, as reported 
by Lewis, et al. These results suggest that diffusing capacity 
of carbon monoxide is well preserved following acute thermal 
injury. Additional studies are planned to clarify this pre­
liminary finding. 

References 
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Following a circumferential thermal injury to an extrem;ty, 
evaluation of distal circulat;on may be difficult because of 
the nature of the injury. _A study using the ultrasonic flow­
meter was undertaken to develop an objective method of measuring 
per;pheral blood flow and to correlate cl;n;cal s;gns of vascu­
lar insufficiency with these measurements. In fifty limbs judged 
clinically to require an escharotomy, one-half were noted to 
have distal circulation using a Doppler* flowmeter. 

Those limbs with distal flow were treated without escharotumy 
in all but three instances with no loss of viable tissue. Venous 
compression appears to be the major factor in the developme~t of 
circulatory insufficiency following a circumferential extremity 
burn. The only reliable clinical sign was change in sensation 
to pain or touch. 

Circulation 
Extremity 
Therma 1 Injury 

Escharotomy 

* Parks Electronics Laboratory, Beaverton, Oregon 
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CIRCULATION IN EXTREMITY BURNS 

Following circl.l'nferential thermal injury to an extremity,the 
vascular supply to the distal limb may be compromised because 
of the tourniquet-like effect of a rigid eschar with increasing 
underlying edema. The viability and function of the limb ~comes 
dependent upon timely decompression. Without appropriate surgi­
cal therapy, distal ischemic necrosis and further tissue loss 
may result. 

Decompressive escharotomy to relieve such vascular compro­
mise was reconmended in 1951 by Blocker and Moyer (1). Review 
of a two-year experience in the United States Army Institute of 
Surgical Research presented clinical indications for escharotomy 
including (a) cyanosis, (b) impaired capillary filling, and (c) 
progressive neurologic change (2). Other indications include loss 
of motion and inability to palpate pulses. Potential dangers of 
escharotomy have been reported by Monafo and others (3,4). 

At this Institute we have attempted to accurately delineate 
the pathophysiology of vascular compromise after circumferential 
extremity burns and to correlate clinical signs of vascular in­
sufficiency with objective measurements using an ultrasonic flow­
meter. The use of an ultrasonic flowmeter in determining the 
need f~r an escharotomy in a thermally injured limb is also 
described. 

Methods 

Patients with recent circumferential extremity burns admitted 
to this Institute after January 1, 1970 were evaluated in this 
study. There were 93 patients admitted with recent burns qf which 
24 patients had deep circl.l'nferential extremity burns (Table I). 
Seven patients were lS years old or less. A total of 60 limbs 
were involved, 39 being arms. The average time between burn and 
admission to the Institute was 14 hours, with a range of S to 31 
hours. 

In the cases with arm burns an average of 81% of the arm 
surface was burned while in those with leg burns an average of 
85% of the surface area was involved. 

Initial evaluation of the burned limb included surface 
temperature, color, capillary flush time, sensation, motor 
function and presence of palpable pulses. A clinical decision 
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Table I. CONUS Admissions 
January 1- August 31,1970 

Total Patients 93 

Patients with Circ1.1nferential 
Extremity Burns 24 

CM ldren 

Adu 1 t 3 

7 

17 

A clinical decision concerning the need for an escharotomy was 
made and recorded prior to the flowmeter evaluation. 

The ultrasonic flowneter was then used to assess flow in 
the involved limb. Individual arterial patency was determined 
(Fig. 1) and segmental pressures at three levels were obtained 
in the involved limb. Digital pressures were recorded with a 
specially designed pressure cuff (Fig. 2). Extremity venous flow 
was evaluated on the basis of individual vein patency and flow 
dynamics. The venous augmentation test described by Sigel (S) 
was employed to show proximal venous obstruction. Following evalu­
aH on with the f 1,~eter, the burned limbs were either subjected 
to escharotomy (01,erati ve group), or treated with elevation and 
active exercise for five minutes each hour for the first 48 
hours postburn (nonoperative group). Repeat studies were done 
post escharotomy in the operative group and each day postburn in 
both groups until the circulation was stable. Daily segmental 
circumferential measurements were made in the nonsurgical group. 

Results 

A sunmary of the clinical ~igns is contained in Table II. The 
color of the hands or feet varied from pale or cyanotic or red 
to normal. The temperature to touch in both groups was subnormal. 
The capillary flush time was greater th · n S seconds in all but 
five extremities. Motor function was absent in only seven limbs 
in which swelling mechanically limited motion. Palpation of 
pulses was variable. Sensation to touch was the most reliable 
sign, being absent in all but one of the limbs requiring an 
escharotomy. 

I 
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arch.

Fig. I. Evaluation of arterial flow through the palmer
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Fig. 2. Measurement of arterial pressure measure with 
Doppler flowmeter and digital blood pressure cuff.
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Table II. Sunmary of Clinical Signs 

C 1 i ni ca 1 Signs Escharotomi zed Nonescharotomized 
Group - 28 Group - 32 

Color - Pale 18 18 

Cyanotic 7 6 

Red 3 3 

Normal 0 5 

Temperature - Cool 28 29 

Normal 0 3 

Capi 11 ary Flush Time 

< s seconds 0 5 

> s seconds 28 27 

Motor Function - Present 25 28 

Absent 3 4 

Sensation - Present 1 30 

Absent 27 2 

At admission, 10 of the 60 limbs with circumferential burns 
had adequate peripheral circulation by clinical parameters (Table 
III). These findings were corroborated by Doppler measurement 
revealing patent terminal arteries and essentially normal pres­
sure gradients. The other SO limbs had clinical findings indi­
cating the need for escharotomy. All limbs in this clinical 
group had no distal palpable pulses, were pale or cyanotic and 
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had prolonged cap;11ary flush t;me. Approx;mately one-half had 
decreased sensation. 

Of the SO 1;mhs, 25 had either aud;ble palmer arch flow or 
posterior tib;a1 artery flow upon test;ng with the ultrasonic 
flowneter. All extrem;ties had mild to severe venous obstruction. 
The 25 extremities with intact distal flow as detected by the 
ultrasonic flowmeter were elevated and a program of active mot;on 
carried out for S minutes each hour during the subsequent 48 
hours. Of the 25 limbs treated in th;s manner, three arms re­
quired escharotomy after 24 hours because of arter;al obstruction 
occurring at the radial level. These 3 escharotomies were neces­
sary in two patients who were unable to exercise actively because 
of either a language barr;er or coma. 

In the limbs requ;ring operative decompress;on, the level of 
arter;a1 obstruct;on is shown ;n Table IV. Follow;ng medial and 
lateral escharotomy (Fig. 3), palmer arch flow was aud;ble in 
all 21 arms postoperatively and digital flow returned in nine of 
these limbs at that time. Digital flow returned to all remain;ng 
hands except one by the first postburn day. Posterior tib;a1 
flow as audible ;n all seven lower limbs following operation 
(Table V). No attempt was made to record toe flow. Arterial 
pressure measurements were made at three levels in both arms and 
legs. Prior to escharotomy, pressure grad;ents in the burned 
limbs were either unobtainable due to obstruction or were as 
great as a 90 mg Hg decrease from proximal to distal levels. Of 
the 1S upper limbs measured before and after escharotomy, 11 had 
normal pressure gradients by the second postburn day; the re­
maining four were normal by the third postburn day. Arterial 
pressure gradients were normal in all decompressed legs by the 
first postburn day. 

Table IV. Level of Obstruction-Escharotom;zed Group 

Arm: 

Legs: 

Bra~hial 

Radial 

Palmer Arch 

Popliteal 

Posterior Tibial 

9 

6 

6 

s 
2 
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Table V. Extremity Nl.l'nber - Total 60 

Final Escharotomized Group 

Upper Extremi t>· 21 

Lower Extremity 7 

-
Total 28 

Final Nonescharotomized Group 

Upper Extremity 18 

Lower Extremity 14 I 
-

Total 32 
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Fig. 3. Preferred sites for escharotomy. 
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Prior to escharotomy,there was significant venous obstruction 
in both the burned arms and legs. This venous obstruction occur­
red mainly at the level cf the lower forearm or midcalf. Venous 
dynamics returned to normal by the third postburn day in the 
limbs subjected :o escharotomy. In the nonoperative group, 
return of normal arterial pressure gradients occurred by the 
third postburn day in the upper limbs and by the first postburn 
day in the lower extremities. 

Discussion 

It is often difficult to evaluate the circulatory status of 
a burned extremity. A hand or foot may be pale 1Jr cool due to 
inadequate perfusion or to marked edema secondary to the burn. 
Cyanosi s in the 13 1imbs in t•1i s study was due to venous obstruc­
tion. All had adequate arterial flow by flowmeter examination and 
did not require inmediate escharotomy. All iimbs in this study 
were cool irrespective of their circulatory status. The capil­
lary flush time was prolonged in the majority of patients in 
both groups. Motor function was not a good sign for the need 
for escharotomy as it was limited in only 11% of the extremities 
and in these appeared related to the mechanical effects of edana. 
Sensation to pin prick and proprioception in the th;rd degree 
burn areas proved to be the most reliable clinical sign giving 
a false negative in only one of the operative group and two false 
positives in the nonoperative group. 

Clinical judgement favored escharotomy in 50 of the 60 
burned limbs in the study. However, the finding of intact distal 
flow in 22 of these 50 limbs by ultrasonic flowmeter examination 
led to avoidance of escharotomy and there was no loss of viable 
tissue or function. The presence of flow in the palmer arch or 
posterior tibial artery indicates sufficient perfusion to pre­
serve viability of the distal extremity. There were eight limbs 
in the operative group that had either an audible palmer arch or 
posterior tibial artery. Seven of these limbs were cyanotic. These 
patients were admitted early in the study and underwent an 
escharotomy before the present criteria of adequate flow required 
to prevent tissue loss were well defined. The pressure gradients 
are important only to doc,.rnent that normal flow returns completely 
by the second postburn day in the operative group and the third 
postburn day in the nonescharotomized group. 

At the initial examination many of the upper extremities had 
no palmer arch flow and marked venous obstruction at the wrist. 

' 
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Following "milking" of the venous bed by· ex~r·cise, there was 
transient arterial flow in the hand of these cases. If the 
active motion was continued, arterial flow was preserved. The 
pathophysiology of ~irculatory insufficiency begins with pro­
gressive tissue edema under a nonelastic eschar. As tissue pres­
sure rises, venous return from the distal extremity decreases 
(Fig. 4), producing increased capillary pressure and further 
transudation into the extravascular space (Fig. 5). When tissue 
pressure then exceeds venous pressure, venous return is com­
pletely obstructed, usually at the level of the wrist in the 
arm and lower calf in the leg. With return from the venous 
capillary bed blocked arterial flow ceases; however, the artery 
remains patent (Fig. 6). Active motion with elevation if used 
early in selected cases appears to prevent venous obstruction 
and maintain arterial flow. 

The Doppler flowneter affords the physician an easy, objec­
tive means of measuring extremity flow at the bedside. If flow 
in the palmer arch or posterior tibial artery is absent and 
fails to return after a brief period of active exercise, an 
imnediate escharotomy is indicated. Extension of the escharotomy 
across an involved wrist joint appears iff',portant (Fig. 7). The 
radial artery and accompanying veins are most susceptible to 
compression at this level. The use of an escharotomy in the_ 
first web space or along the digits did not appear to increase 
flow distally. 

It should be emphasized that if there is adequate flow on 
admission and the limb is elevated and exercised, close obser­
vation is necessary for the first 48 hours. Our patients were 
reexamined with the ultrasonic flowmeter every 6 hours during 
this i nterva 1 • 

Sunmary 

Twenty-four patients who had circumferential extremity 
burns involving 60 limbs were included in the study. Correla­
tion of clinical signs and ultrasonic f1owmeter measurements 
ta made. In a11 patients undergoing an escharotomy, there was 
return ot either palmer arch or posterior tibial artery flow 
irrmediately postoperatively. Selected patients with clinical 
indications for escharotomy but who had intact distal flow as 
determined with the ultrasonic f1owneter, were successfully 
treated nonoperative1y with elevation and exercise with good 
results. Venous compression appears to be the major factor in 
the development of circulatory insufficiency following circum-
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Fig. 4. Increase in tissue pressure produces venous 
obstruction and decreased venous return.
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Fig. 5. Obstructed venous return produces increased 
capillary pressure and capillary transudation. Tissue pressure 
increases.
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patent.

Fig. 6. Arterial inflow obstructed but artery remains
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IPs

Fia. 7. Medial ccxnponent of an escharotomy with 
extension acroL the wrist joint. Increased subeschar pressure 
produces wide separation of the incision.
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ferential extremity burns. The Doppler flo~ter has proved to 
be a valuable tool in evaluating extremity circulation and 
determining the need for escharotomy. 
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Disorders of glucose metabolism characterized by overproduc­
tion of glucose and underutilization are conmon in troops subject 
to trauma or medical illness. These disorders of glucose metabolism 
would not result in symptomatic hyperglycemia if the kidney ex­
creted this excess glucose. Since the kidney conmonly does not ex­
crete this excess glucose, this study was undertaken to determine 
if glucose is reabsorbed by the kidney by an independent rate 
limited transport mechanism or if glucose reabsorptfon is linked 
to that of sodi'-Mn. Since sodium reabsorption is controlled by 
extracellular vol1.Mne, glucose reabsorptfon was measured in dogs 
with normal, expanded, and contracted extracellular volumes. Our 
data show that glomerular tubular balance for glucose exists and 
that this balance is disrupted when sodi'-Mn reabsorption is changed. 
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There is some evidence for a defect in the defense mechan­
ism of the body against infection following a burn Injury. One 
of these defense mechanisms, delayed hypersensitivity, is 
though to be depressed. Since corticosteroids Interfere with 
delayed hypersensitivity as well as the graft rejection process, 
serum levels of corticosteroids as well as the binding of cor­
ticosteroids to serum proteins and lymphocytes has been 
examined. 

Elevated serum corticosteroid levels have been measured In 
both rats and man after burn Injury. The total binding capacity 
or the corticosteroid-binding capacity (CBC) of serum and the 
fraction of the total binding due to corticosteroid-binding 
globulin (CBG) were Increased In the rat following Injury but 
were not significantly altered In burn patients. The level of 
serum cortisol In excess of the CBC In man was as much as five 
times normal In the early postburn period. It was concluded 
that the human, unlike the rat, does not respond with Increased 
serum corticosteroid-binding activity following thermal injury. 

Transcortln 
Corticosteroids 

Steroid Binding 
Lymphocytes 
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LYMPHOCYTE CORTICOSTEROID BINDING IN THE RAT 
AFTER THERMAL INJURY 

Since burned patients and animals exhibit heightened 
susceptibility to infectlon, 1 It has been suggested that a 
defect exists in cellular Immune reactlons.2,3 An examina­
tion of serum corticosteroid levels and serum corticosteroid 
binding capacity after burn injury was undertaken because of 
the kn~wn inhibition of lymphocyte function by glucocortl­
coids. ,5 

Only the unbound or albumin-bound serum corticosteroid 
is thought to be biologically actlYe.6 An increase in the 
level of corticosteroid-binding globulin (CBG) might pro­
tect the unburned rat or man from the effects of a high 
plasma corticosteroid concentration. Therefore, a simple 
adsorption method was employed to measure both the total 
corticosteroid-binding capacity (CBC) and the fraction of 
the total binding capacity due to corticosteroid-binding 
globulin (CfG) which has a high affinity for corti­
costeroids. 

Materials and Methods 

Male, Sprague-Dawley rats (180-200 g) received a third­
degree scald burn on the dorsum which covered 30°/o of their 
body surface area.7 Sera was . collected by cardiac puncture 
under mild ether anesthesia. Human sera was collected from 
33 adult burn patients, five of which were serially 
monitored. 

Cortisol (human) or cortlcosterone (rat)serum concentrn­
tions were determined by a standard fluorometrlc technique. 
Serum albumin and total protein determinations were per­
formed on the autoanalyzer using crystallized bovine serum 
albumin as a standard. 

CBC and CBG capacity were determined by the method of 
Trapp and West9 based on the separation of protein bound 
tritium-labelled cortisol from the unbound labelled cortisol 
by selective adsorption with dextran-coated florosll. It 
\-1as found that the naturally occurring rat corticosteroid, 



56- 2 

corticosterone and cortisol were bound in equal amounts by 
rat serum; therefore 1,2-3H cortisol was used in all binding 
experiments. Each serum sample was examined in triplicate 
tubes. The heat-denaturable CBG capacity was calculated 
from the difference in binding capacity between unheated 
serum and serum heated at 6o•c for 25 minutes. 

Results 

Increases in both CBC and CBG capacity were observed 
following the standardized scald-burn injury to rats. A 
maximum increase in the total binding capacity (CBC) was seen 
four days postburn (Fig. 1). This rise in total binding 
capacity is accounted for by the twofold increase in the CBG 
capacity. Control levels of binding were determined on rats 
receiving sodium barbital anesthesia without subsequent 
iajury, 

Cortlcosterone levels were determined on all rat serum 
samples since a small correction was necessary for the endo­
genous steroid level of the serum used In the binding assay. 
An ilTITledlate rise in the serum cortlcosterone level was ob­
served in th~ burned rats (55.8 ~g/100 ml) (Fig. 2). Fo1-
1owlng a drop in this initial level, the serum corti­
costerone levels peaked about the 6th day postburn and the 
level remained elevated even at 20 days postburn. No CBG 
rise was observed In unburned animals despite the high 
cortlcosterone level (38 ~g/100 ml) seen one hour after 
l.p. sodium barbital. The rise In CBG seen in burned animals 
coi nc ided with the rise In serum corticosterone levels. 

Total protein and albumin concentrations (globulin by 
difference) were measured on a11 serum samples to determine 
any effects on the binding capacity by hemoconcentratlon and 
plasma protein evascu1arlzatlon fo11owlng burn injury. A11 
serum protein concentrations dropped significantly and Im­
mediately fo11owlng Injury (Table 1). Globulin concentra­
tions .returned to norma• on the second postburn day and sub­
sequently rose to elevated levels from the second to twentieth 
day postburn. To Insure that the Increase In binding capacity 
by CBG and a1pha 1-g1obu11n,6 was not just a reflection of the 
Increased synthesis of a11 globulins or the initial postburn 
concentration of serum proteins, a ratio of CBG capacity to 
g1obu11n concentration was calculated. With this cor rection, 
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TOTAL CORTISOL BINDING CAPACITY 
(C.B.C.) 

CORTISOL BINDING GLOBULIN 
CAPACITY (C.B.G.) 

a :: ;L; ~~:;:'ii iiiU.: • ;::,: 'U:, iii Ti','/:::;:,::,;:,:,::,::, ·u::,::,;::••:tmt ... 

2 4 e 10 20 
DAYS POST INJUR'Y 

Figure I. Binding capacities of the corticosteroid 
binding fractions of rat serum following thermal injury. 
The shaded area represents control values! S.E.M. 
Vertical bars represent means! S.E.M. 
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CORTISOL BINDING GLOBULIN 
CAPACITY (C.B.G.) 

b- NORMAL SERUM CORTICOSTERONE 

J:::rn:-~ -e,Om,,,,,•----~---~~i~liliillll•~~~ 

O t 2 4 I 10 20 
I Hr. DAYS POST INJURY 

Figure 2. Serum cortlcosterone levels and 
CBG capacity In the rat following thennal Injury. 
Dashed llne represents the serum cortlcosterone 
levels In anesthetized, unburned rats. Shaded 
area represents nonnal serum cortlcosterone 
levels! S.E.H. Vertlcal bars are means t S.E.H. 
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a twofold Increase in CBG activity was still seen by the 
fourth postburn day. The ratio of non-CBG binding/g albumin/ 
100 ml sera remains relatively constant and correlates with 
serum albumin levels. 

Human sera from burn patients was also assayed for both 
CBC and CBG activity. Both CBC and CBG capacity were slightly 
lower during the first 20 days following burn injury (Table 2). 
During the remaining course of the patient's recovery, these 
binding capacities returned to the levels of the unburned 
subjects with an increasing per cent of the CBC due to the 
CBG act1vlty (Table 2). Individual ..,atlents were assayed at 
various times following their burn injury with no significant 
alterations in binding capacities noted; for example, in one 
patient, at 10,14,28, and 36 days following a 44% total body 
surface burn, CBC values of 32.0, 3l.8, 38.8,and 30.7(~9 cor­
tisol bound/100 ml sera)and CBG levels of 9.3, 13.0, 16.0 and 
11.9(JJg cortisol bound/100 ml sera) were noted. Increased ex­
tent of bum was 85LIJC1ated wl th both slightly kMer CBC and CBG activities 
arr:I an increasing fraction of the 11:Jtal binding due to CBG binding (Table 2l 

Serum cortisol levels In these patients were measured 
and as expected were significantly elevated inmedlately fol­
l owl ng lnj ury, and only returned to normal leve 1 s 40 p I us 
days postburn (Table 2). The extent of the injury was cor­
re 1 ated w I th increased· 1 eve ls of serum cort I so 1. 10 

Discuss lon 

Estrogen treatment,11,12 adrenalectomy,13 and gonadec­
tomy,11,12 have been shown by others to increase CBG levels 
In male rats. We have now shown an Increase In CBG activity 
fol lowlng a scald burn Injury (Fig. 1) to the levels seen 
In hypophysectomized male rats (65 ug/100 ml sera). 12 The 
time sequence for this CBG response (maximum at four days, 
Fig. 1) contrasted to a time period of 10 days for a maximum 
response In rats following either adrenalectomy or castra­
tlon.11,12,13 

In our experiments, the rise In serum cortlcosterone con­
centration paralleled the CBG rise (Fig. 2). This relation­
ship of a serum steroid level and CBG binding Is similgr to 
that seen In pregnant 11,12 and estrogen-treated rats. ,11 
The dally administration of ACTH did not alter CBG binding 
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which is in agreement with the results of others. 13 

Increased binding activity following any experimental 
manipulation of the rat may be due to the removal of a steroid 
that would normally compete for binding to CBG ~-.9·, pro­
gesterone) rather than increased synthesis of CBG itself. This 
is a distinct possibility following thermal injury. However, 
there is evidence for increased alpha-globulin (CBG is an 
«1-globulin) synthesis in the rat following a burn.14 

No significant changes in binding capacities were noted 
in the sera of the burn patients surveyed (Table 2). In con­
trast to the injured rat, the burn patients• serum cortisol 
concentration exceeded the total binding capacity (CBC) of 
that sera (Fig. 2, Table 2). This excess cortisol was seen 
up to 30 days postinjury (Table 2). This difference in 
response of man and rat to thermal injury may be related to 
the differences between these specl~s in CBG changes after 
various endocrine gland resectlons.b,13 The presence of cor­
tisol In excess of the CBC of burn patients• sera implies 
either hypercortlclsm or weak binding of excess cortisol to 
other serum glucocortlcold components which have not yet 
been characterlzed.6 
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Significant thrombocythemia is a comnon event after burn 
injury. The following sLudies were performed to evaluate mega­
karyocyte kinetics (femur marrow chamber counts, nuclear matura­
tion, cell diameter) and platelet kinetics (Slchromil.l'II), in 
Sprague-Dawley rats inflicted with a 30% third-degree burn under 
pentobarbital anesthesia. 

Following injury, there is a rapid increase in the nl.l'llber 
of rat femur megakaryocytes based upon total meg•k•ryocytes/femur, 
or megakaryocytes/106 nucle•ted marrow cells, which reaches a 
maximl.l'II of four times nonul by 48 hours, and rem.ins twice 
normal by 30 days. A m.rked decre•se in both cell di•meter and 
lobe nl.l'llber is noted 24 hours post-injury fndic•ting a new popu­
lation of meg•karyocytes which reach Nturity in •nother I.S 
hours. Chromium labeled pl•telet surviv•I is decreased by one­
half during the i11111ediate postburn period and rapidly returns 
tow•rd nonMI. Platelet destruction is extrinsic •nd l•bel de­
position is incre•sed only in the burned skin and urine. 

lflllledi•tely following burn injury in the rat there is a 
signfffc•nt drop fn pl•telet survival, due, at le•st in part, to 
burn wound sequestration, with subsequent thrombocytopenfa. 
During this sane e•rly period, there f1 • synchronous increase 
fn new megak•ryocyte1 followed by thromt;,ocytoais. A sustained 
thrombopoietfc 1tfmulatfon fs indicated in these studies by the 
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continuously high level of megakaryocyte and platelet 
concentration. 

Thrombocytosis 
Platelet survival 
Burn thrombokinetics 
Megakaryocytes 

f 
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PLATELET AND MEGAKARYOCYTE KINETICS FOLLOWING THERMAL 
INJURY 

Thrombocytosis is a conmon occurrence after thermal injury, 
and is associated with elevated fibrinogen concentration and 
fac~or V and VIII activity. Thrombocytopenia has also been ob­
served in some burned patients and is thought to reflect plate­
let consumption. The dynamics of platelet production and survival 
are not well understood in burns. The present studies were under­
taken to define these changes in a burned animal model. 

Method 

Sprague-Dawley rats were infli~fed with 30%, third-deg5re 
scald burns. Daily platelet counts, Cr blood volumes, and Cr 
labeled platelet survival studies were performed using a phase 
microscopy and a ganma scintillation ~ounter. Femoral bone marrow 
suspensions were exanined for concentration, size and nuclear 
lobe number, using a standard hemacytometer, micrometer eye 
piece and staining with a modified Hay-Gruenwald-Giemsa technic. 

Results 

Blood volume corrected platelet concentration decreased to 
SO% of normal by 24 hours and then rose to 150% of normal during 
the next 30 days postburn. 

S1cr labeled platelet survival was significantly shortened 
(45% of normal) during the first five days postburn due to an 
extrinsic mechanism mediated,at least in part, by burn wound 
sequestration or const.mption and increased urinary excretion of 
label. Survival had returned to normal by 30 days postburn, and 
no selective uptake above normal was ever noted in lung, liver, 
spleen or kidneys. 

Bone marrow megakaryocyte concentration began to increase 
by one hour postburn, reaching a Sx normal concentration by 10 
days and was still twice normal by 30 days postburn. 

Megakaryocyte ~iameter and nuclear lobe number decreased 
during the first 24 hours, and then rose together to super­
normal levels by four days and then returned to normal, sugges­
ting the appearance of a cohort of new cells in response to the 
injury. 

Discussion 
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These studies indicate that imnediately followfog burn 
injury in the rat there is a significant, but brief, thrombo­
cytopenia related to a drop in platelet survival due to burn 
wound sequestrat ·j on. The bone marrow prompt 1 y responds by intro­
ducing a large new cohort of yc>ung megakaryocytes which syn­
chronously enlarge and mature. The resultant thrombocytosis is 
sustained and reflects continued marrow megakaryocytopoeisis. 

Cone 1 us ions 

Platelet concentration in the burned patient is a reflec­
tion of the balance between production i\nd survival, both of 
which are altered during the uncomplicated burn. The treatment 
of thrombocytopenia in burned patients should be directed toward 
the potential role of under-production (platelet transfusions) 
or over-destruction or cons\.11\ption (? anticoagulants). The role 
of thrombocytosis in the potentiation of coagulation in burned 
subjects should be examined. 
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