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FOREWORQ 

The cost of the scientific product of this Institute. detailed in this report, 
is minuscule compared to fhe entire research budget requested for the Depart­
ment of Defense for FY 75 (only . 015% of 9. 3 bi II ion dollars) . In addition 
to increasing scientific knowledge, this expenditure results in the saving of 
lives and diminution of morbidity which defy valuation except in ethical and2 
humanitarian terms . As recently pointed out in an editorial in "Science". 
biomedical research is ultimately pr :tical. a sound investment and cost ef­
fective in a benefit to cost ratio of 20 to 1, a strong argument to advance 
to arithmetically oriented budgeteers. 

The pre ent and prior clinic I reports have not only dir "'C:~iy improved 
clinical care , but have established the effectiveness and economy of the "Burn 
Center" leading to establishment of similar burn care units el ~where and a 
general improvement in care of the severely injured. Similarly . our research 
(particularly the metabolic and gastroenterologic studies this year) has at­
tracted the interests of uoth the national and international medical communities 
and attest to the capability of the US Army M dical Research and Development 
Command and this Institute to produce a scientific product of merit with ap­
plicability to II injured patients. Additionally . these studies mphasize 
again the importance and "multipliP.r" effect of I inical - labor tor .' symbiosis 
in terms of cientific relevance and productivity. 

The accomplishments of our Ins titute in both the clinical and rese rch 
sphere reported herein testify to the enthusiasm, industry and compel nc 
of each of our staff member . It i d edication and excellen of individu I 
such as thes which must be nurtur and r ecogniz d to in re the su 
and viability of medical research within the Army . C nverscly. short­
sighted quibbling over attempts to make ur s taff salaries approach those in 
even the academic community demoli h s esprit , mak . r ec ruitm nt im­
possible, and represent fiscal irre ponsibility in t rm of the economic 
facts no ed above. 

1 . Edit rial. "Clinical and biom dical 
Science 184: 44. 1974. 

ear d f r th con my " . 

2. Wade. N., Curry. M . R . : Wor ld's lar s t r, mana er . cienc 
185: 41 - 42, 1974 . 
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Two hundred and sixty-one p; ; ie,its with thermal injury were admi 
ted to the Clinical Division of :.he United States Army Institute of 
Surgical Research during the caie:11Jar ye a r 197j. The Institute of 
Surgical Research's main emphasis has continued on providing optimal 
cllnlcal care to military personnel and civilians with major th rmal 
injury. In addition, clinical investiga tion has continued Into the phy 
slolo~I~~:, blochemlcJI and bacteriologic 1 aspects of thermal injury . 
The personnel of nis unit have also participated in many educational 
programs both military and civilian. This report summarizes th activ­
ity of the Clinical Division of the United States Army In tltute of 
urglcal Research In 1973 and cites the recognizable complications hich 

have contributed to mortality and morbidity in burn patients. Clinical 
evaluations have been carried out lni~.!: burn pulmonary change , the 
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111Btabollc response of the burn patient to his Injury, evaluation of In­
travenous fat en.alslon for parenteral nutrition, the study of blologlcal 
dressings, elect r~lyte changes In the post burn period, high voltage 
electric Injuries, dlgl tal escharotomles, post burn : rote In metabol Ism, 
Laser excision of burns, and Vitamin K activity In thermally Injured . 
patients, and gastroesophageal endoscopy. In 1973 19~ patients were air 
evacuated by the (SR team or 7~% of all acblsslons. 

Theraal Injury 
Topical therapy 
Autograft 
HCJ1110graft 
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CLINICAL OPERATION, CENTER FOR TREATMENT 
OF BURNED SOLDIERS 

The Clinical Li~!~lon of the United States Army lnstl\ute of 
Surgical Research contlr.Jed through the year 1973 to have a~ Its pr !mary 
objective the provision of cll:ilcal c.are for thermally Injured sold • 1·s. 
The nUftler of admissions declined fr.>m 300 patients to 261. 

In 1973 the ISR flight team did not make any flights to the US Army 
Medical Center, Okinawa for burn patients. There was a total of 1~7 
flights during 1973, 1~3 of these were CONUS flights (within the Contin­
ental Ur.lted States) and 192 patients were evacuated. Al ~atlents with­
In a radius of 200 miles of Brooke Arffff Medical Center req~lrlng air 
evacuation were transported by helicopter. There were 32 flights for 
that purpose. There were~ flights outside of the Continental United 
States, 3 to Alaska and I to Guantanamo Bay, Cuba. 

CLINICAL MANAGEMENT 

Detailed descriptions of the management of patients with thel'ffllll 
Injury as practiced by this Institute are found l.1 previous Annual Reports 
and In n1111erous scientific publications. Therefore the following remarks 
are limited to new and current methods of clinical therapy. 

Pulmonary complications continued to be the leading cause of 1110rbldl­
ty and mortality In thel'ffllllly Injured patients at this Institute. Con­
sequently emphasis has been directed toward assessment of pulmonary 
function In the early post b~rtl period. Post burn hyperventilation un­
associated with pulmonary parenchymal disease or other Injuries, Is 
generally not associated with hypo,cemia. Tachypnea and hyperpnea persist 
and usually peak early In the second post burn week, following which 
V4ntllatlon gradually retums to ordinary post burn levels (a minute 
•'flntllatlon 2-3 times that of nonuls). 

The l33xenon lung scan has continued to be a useful diagnostic 
MC>dallty for acute Inhalation Injury. Although a small nner of false 
positive and false negative scans have been Identi f ied, these patients 
can usually be separated out on clinical grounds. Recently a study of 
the 1110rphologlc changes In the tracheobronchla1 tree resulting from 
Inhalation Injury has been evaluated by flberoptlc bronchoscopy. Large 
aln,,ay chemical tracheobronchltls has been Identified as a variant of 
lnhaldtlon Injury In the absence of parenchymal change Identifiable on 
133xenon sclntlphotograms. With flberoptlc bronchoscopy Inhalation 
Injury can be dlvld-.d anatomically Into supraglottlc and lnfraglottlc 
lesions. An Invest gatlon Is being conducted to assess the efficacy 
of systemic steroids In the treat111ent of Inhalation Injury. Routine 
chest roentgenography, flberoptlc bronchoscopy, 133xenon lung scan and 
pul1110nary function studies will be used to evaluate the effect of the 
drug on Inhalation Injury. 

16< 
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Intravenous fat emul!.ion for parenteral nulri tlon has been fur ther 
evaluated. lntrallpld, a 10% soy bean oil emulsion, has b n found to 
cause no disturbance of coagulation ind ces and no disturban of total 
pulmonary diffusion capacity when given In doses of up o 3 rams pe r 
kilogram per day. The fat Is cleared from the blood in hypermetabol ic 
bum patients faster than In normal man. The emulsion is given through 
peripheral veins and provides more calories per u~it volume than other 
nutrient solutions. 

H~n growth hormone was administered to sev~n patient with burn-; 
bf!tween 3lt and 76% of the total body surface to e·,alu1te it ffe t on 
post injury nutrition. Increased nitrogen ret ntion occurred in all but 
one patient. Hean loss of urinary nitrogen significantly dec re s d as 
compared to a control period. The protein sparing effect and othe r 
beneficial secondary gains of human growth horl'lone w,,ich enhan ce 
recovery of Injured patients app ar to be dose related, to require 
adequate nutritional loading, and to be mediat d by a ltero tions of car­
bohydrate metabolism in the presence of augmented in ulin production. 

Two major fluid and electrolyte distu rbance whi ch have been 
reviewed over the last year In thermally Injured pa ti nts Included 
hypernatremia and hyp natremia. Hypernatremia Indicat ive of a wat r 
deficit was found to be the most common electrolyte di turb nee follow­
Ing resuscitation of extensively burned pati nts. The most common 
cause of hypernat remi a was i nadequdte rep I ac ment of e•,aporat Ive water 
loss. Conversely hyponatremia has b en Identified as th most colffllOn 
electrolyte abnormality in burned children who have seizure and was 
~•used by either excessive administration or too rapid administration 
of elect1olyte free fluids, I.e. 5% dextrose in water. This f inding 
calls for caution In the administration of non-electrolyte fluids In 
sma 11 c.h i 1 d ren . 

Arterlography has been evaluat d as a clinical tool in the dlagnc 1 
uf deep muscular damage In electric Injuries . Arteriography Is of 
value In confirming arterial patency in limbs without palpable puls 
and In determining the level of amputation in a lirro with an obviously 
nonviable portion. 

Digital escharotomy was evaluated In patl c~ts with burned hands and 
found to result In a significant 5a lvage of Int In ic. muscles In hands 
with third degree burns. Digital scharotomy is f no value in ' in rs 
which are "mummified" by the thermal injury. 

Interest has again been re-kind! d in he primary exc,s,on of bu rn . 
A comparison of the laser technique with that of s tandard .lectro- s rg ical 
excision was carried out over th last year . The carbondloxid 1 
wa employed for excl Ion of six b~r~ pa I nt and t sp d of 
and blood lo s w~re comparabl to thit as soci ted with exci Ion 
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comparable areas of burn using the standard electrocautery. A readily 
available source of fresh cutaneous allografts Is paramount tf one ts 
to attempt e~elslo., of large burn~. 

Gastroesophageal endoscopy with a flberoptle endoscope ~as been 
performed In patients •.o1lth thermal injury of greater than 25% total 
body surface. Endoscopic studies have shown early gastric and duodenal 
111.1cosal changes compatible with tschemta followed by hyperemia and this 
Is virtually untversa, in oattents with burns of 40% or more of the total 
body surface. Duodenal changes are compatible with a "duodenltis" and 
confirm the 111.1tual susc~pttblltty of both the stomach and duodenum to 
post burn Injury and the similarity of the etiology and pathogenesis of 
gastric and duodenal ulcers tn the burn patient. The early C>Gcurrenee 
of these lesions (before 72 hours post burn) suggests that an alteration 
In the n,cosal blood flow ts the ..,.derlylng pathogenic factor. Measure­
ment of lithium flux has been used to evaluate the gastric na,cosal 
barrier In 18 patients with burns of greater than 25% of the total body 
surface. These studies were correlated with endoscopic examination 
performed within the first 72 hours pust burn. The findings suggest that 
an increased back diffusion of hydrogen Ion Is not an etiologic factor In 
the development of early gastric lesions following thermal Injury, but 
that hydrogen Ion back diffusion reflects progression of this disease. 

EDUCATION 

The Institute of Surgical Research has also been extensively Involved 
In the educat·ton of both 11llltary and clvlllan personnel. This responsi­
bility has again been fulfilled through numerous scientific presentations 
and publications, In-house training and education of h<>Yse officers, staff 
phy~tclans, foreign physicians and paramedical personnel. 

During the period encompassed by this report, I surgical resident 
from 9rooke General Hospital, 3 surgical residents from Fitzsimons, I 
from Travis Air Force Base and I from Oakland Naval Hospital p1rtlclpated 
as active ment>ers of the medlcal staff for 1-3 nonth periods as part of 
their surgical training program. In addition, I clvl, Ian ph•,.ilclan from 
New York and I from Zurich, Switzerland received training for an extended 
period. Eleven reserve ff.leers were given tours and briefings, and 
nine officers were on d Live duty training with our staff for periods of 
2 to 6 weeks. Seven A""f physicians, 1 Air Force physician, 17 civilian 
physicians were visitors of this ..,.ft during 1973. Thirty-two foreign 
visitors from the following countries: Austria, Fra~ce, SOYth Africa, 
Switzerland, Pakistan, NoNay, Canada, Germany, Italy, England, Japan, 
Brazil and Lebanon received briefings on the care of the thermally Injured 
patient and on the overall mission of the Institute of Surgical Research. 
Approximately 1~7 clvlllan and mllitary nurses, students and paramedlcal 
personnel v,slted and were briefed during 1973. 

1.8< 
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In addition, nU11erous scientific presentations concerning various 
aspects of theraal Injury were made by members of the Cl ~nlcal Division 
at local, state, regional and national ••tings as llstod at the end of 
this section. 

STATISTICAL RESlllE 

During the year 1973, 261 thermally Injured patients were admitted 
to the Institute of Surgical Research. Unlike previous years no patients 
were air evacuated by the ISR Burn Te• from the Far East. There were 
273 dispositions during !973 and the subsequ~nt dat~ wlll be based on 
those dispositions. The patients ranged In age from 3 months to 85 years 
with 205 Nies and 68 feNles. The average age of t~e patient was 27 
years wit~ an average burn size of 38.51, a 19.51 average third degree 
C0111ponent. The average burn Index was 291. Out of 273 dispositions, 
207 had third degree burns (75.81). Sixty-five patients were less than 
15 years of age with an average age of 5 years. The average total burn 
In th is pediatric age group was 30.31 with 151 being third degree. The 
bum Index In children was 22.]I. Of the 65 pediatric patients achltted, 
~5 had SOiie third degree burn (69.21). The mortality In the pediatric 
burn age group was 32.31. In the group of pediatric burn patients who 
died, the average age was~ years and the average bum was 52.~I with 
33.31 being third degree. The overall -,rtallty for the year 1973 was 
,1.,1 or 113 patients out of 273 expired, of which 83 were Nie and 30 
were f ... le . The average age of patients who died was 33 years, and In 
this group the average total bum was 60.31 with 36.21 being third degree 
and the bum Index was ltB.21. The Increase In 111>r f'I I ty COlll)ared to 
previous years Is partly related to the fact that no patients froa South­
Nit Asia have been air evacuated but the nuteer of acute achlsslons has 
Increased •rkedly, as has the average total per cent burn Increased In 
t~ patients a•ltted to the Institute of Surglcal Research. Of the 113 
patients who expired 107 or 9,.n had s0111e third degree burn. Autopsies 
ware perforaed on 92 patients (81.,1) of al I deaths. The average post 
bum day of death was 11.8 days,• drop fr0111 16.~ days In 1972. 

Table I Identifies the source of adlllsslon of patients during the 
calendar year 1973. The •Jorlty of the bums ~re fr011 the Continental 
United St9te1. Table 2 sU11Nrlzes the b1.1m etiology In 1973. Table 3 
11&:~rlzes the effect of age and total boc.'y surface burn on 111>rtallty. 

Table, llsts the -,rtallty rates In lncre1111nts of IOI total body 
surface bum fr011 the years 1970 through 1973. C0111parlson with 1970 
reveals an lncr•,s• In the 1110rtallty for 3(.-501 total body surface burns. 
Table 5 presents the survival and 11Drtallty data for patients with greater 
than 301 total body surface bum In the years 1956-1973. 

Table 6 shows• C0111parlson of bum 110rtallty rates In the pre­
Sulfaylon years 1962-1963 and the cuaulatlve experience since 1965 

19< 
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T•I• I. Source of Adlll11ICM, 1,7) 

Aru A M AF AFD • .. -· Other TOTAL 

1st A,_, , J ' 0 2 10 2' 

Jr4 Ar-, 1 ' 2 ' s 1 ' " 
Sth A,_, 2) n • ' ' 

, 2, S6 ISi 

6th A,-, 0 2 2 0 , ,, 23 

a.,..,.., ' 
, 0 0 0 0 ' .... 0 0 2 0 0 0 0 0 2 

Viet._ 0 0 0 0 0 0 0 

1e,o,... 2 0 0 0 0 0 0 , 
Puerto llco 0 0 0 0 0 0 ·o 

lcelan41 0 0 0 0 0 0 0 

Speln 0 C, 0 0 0 0 0 

c•• 0 0 0 0 2 0 0 , 
AIHILe 0 0 0 0 0 0 2 J 

IJO J6 16 21 20 • ,, ,, 27) 

A - A,_, • - Navy , Kar I rw Corps , US Coat t Guard 
Al - Air Force VAi - Veterans Achlnlstratlon leneflclary 
D - Dependent 
Other : Chi IIM l•rtency (67) 

Des ltMe of S.c,.tary of A~ ( 9') 
US !l•llc Health Service leneflclary (10) 
lureau of l .. loyees' Co-.ensatlon leneflclary (2) 
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Table~- Per Cent turn Ver1u1, Survlv•l, 1,55-1973 

Survivors (burns over 30t) De•ths 

Ye•r No. Avaral! t lurn No. A·:err9e t llurn 
Cases Total J' Cases fot• J' 

1955 20 3'.5 20.3 21 ~5.6 38. l 

19,56 2 lt1.0 17.3 20 57.8 37.8 

1957 19 38.lt 2it.1 17 57. l 38.8 

1951 15 lt2.3 21.6 23 5t.s 35.3 

1959 29 1t3.1 20.6 2'i 63. l 38. l 

1960 17 " -2 20. l 30 57.8 37.3 

1961 18 ..... 2 25.0 31 58.0 3'.7 
~ 

I 

1962 18 lt2 . 7 21.it Sit 5,., it6.2 

1963 28 tis.a 19.6 57 6'.0 itl.O 

196it tic, lt1.8 lit.8 37 65.0 lt2.it 

1965 ti7 0.8 21.0 33 66.0 3).it 

1966 68 lt1.5 llt.9 59 59.9 31.3 

1967 103 it2.7 13.3 51 59.9 32.3 

1968 l lt3 tilt.2 12.6 38 5'i.6 2'i.6 

1969 113 ti3.2 11. l 70 58.7 26.ti 

1970 92 3'.it 10.7 70 51.9 32.6 

1971 63 lt1.9 lit.O 68 60.8 38.0 

19n 62 lt2.0 17.2 103 56.7 35.9 

1973 lt7 lt3.7 19.6 113 60.3 36.2 
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when Sulfamylon has been used. As previously reported the Improvement 
Is primarily In that group of burn patients whose Injury Is In the 30-60% 
range with little If any change In those patients with less than 30% or 
greater than 60% Injury. 

The average hospital stay In 1973 was 35.6 days. When convalescent 
leave for active duty military personnel w:1s excluded the average hos­
pital stay was 32.5 days. The average post burn admission day to the 
Institute. of Surgical Research was ·s. This figure reflects a decrease 
In the average post burn day of admission from 11.2 days In 1970 to 9 
days In 1971 to 7 days In 1972. The decrease in average admission day ts 
because ,the patient population Is originating in the Continental United 
States and also reflects the rapid aeromedlcal evacuation carried out 
by the Institute of Surgical Research. 

During the year 1973 2,388 operations were performed on 246 patients, 
an average of 9 operations per patient. Three hundred and eighty-five 
anesthetics were performed on 141 patients or 1 anesthetic per patient. 
A total of 1,990 ward procedures (this ma inly consisted of application 
of physiologic dressings, dressing changes, local venectomy procedures) 
were performed. Two hundred and forty--flve pat lents were autografted or 
an average of less than 1 procedure per patient. Ninety patients had 
ft09 allograft applications or an average of 1 per patient. 

Porcine cutaneous xenograft was applied to 127 patients 910 times or 
an average of 3 times per patient. Cadaver allograft was aseptically 
harvested from 56 patients, a drop from 70 in 1972. The drop In procure­
ment of allograft ls reflected In the increased use of porcine cutaneous 
xenografts as physlologic dressings. Escharotomies were performed on 
65 patients or 25% of all dispositions. Twenty-nine patients (10%) re­
quired an amputation, 20 of which were major. 

Tracheotomy was performed on 49 or 18% of all dispositions . The 
specifi~ indications for tracheostomy were the need for prolonge d venti­
latory support, upper airway obstruction, pneumonia and inhalation injury. 

One hundred and sixty-nine patients or 62% of all dispositi ons h d 
at least one blood culture drawn during their hospitalization and 99 
patients had a. positive culture. For information on further bactc rio­
loglc data the reader is referred to the succeeding chapters. Of 273 
patients, 173 had lntrave11ous catheters Inserted either percutan ous ly 
or via cutdown sites. Suppuratlve thrombophlebltls occurred in 27 
patients. In keeping with a high index of suspicion for suppurat ive 
thrombophlebitls, 47 or 17% of all cutdowns were explored. An l~or t ant 
aspect of burn therapy is wound monitoring and this Is done with frequent 
wound biopsies. Ninety-five patients or 35% of all dispositions in 1973 
had at leas 1 wound biopsy performe~ • 

A total of 671,648 cc of blood was administered to 152 (56%) of all 
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dispositions In 1973. An average of \,418 cc of blood were given to 
each of the 152 patients. 

Topical Sulfamylon acetate was utilized to control the bum wound 
flora In 254 or 93t of all dispositions. Silver nitrate was used In 32 
or 12t, and silver Sulfadlazlne was used in 4 patients. 

One hundred and seven patients (39%) had some type of associated 
Injury on admission. Five per cent of the patients had a major fracture. 
Other significant orthopedic problems which developed during the hospital 
stay Included exposed tendon or bone In 6 patients, heterotoplc bone In 
the elbow In 1 patient and osteomyelltls In 4 pat tents. Acute ophthal­
mologic Injuries associated with the burn population were quite frequen't. 
Fifteen patients had some type of an eye Injury. Corneal burns occurred 
In 15 patients, corneal abrasions In 2, loss of eyesight ultimately occur­
red In 1 patient and loss of eyelids from a chemical burn occurred In 
one Individual. Another significant problem In the thermally Injured 
patient Is chondrltls. Nine patients or 3% of all dispositions develop­
ed chondrltls and chondrectomy was performed on 13 ears. Four other 
pat lents lost a port Ion of an ear due to d I rect therma 1 Injury. 

Gastrointestinal COfl1)11catlons were quite prominent In our burn 
population. Gastrointestinal bleeding of some type occurred In 60 
patients or 22% of all dispositions. Castrolntestlnal ulcers were 
diagnosed either clinically, roentgenographlc~lly or by endoscopy In 58 
patients or 211 of all dispositions. Duodenal or gastric ulcers were 
the cause of bleeding In 36 patients. Eight patients developed perforated 
ulcers and 7 patients had exploratory laparotomy for bleeding gastric or 
duodenal ulcers. Superior mesenterlc artery syndrome occurred In two 
patients, neither of whJch required surgery. Other major gastrointestinal 
complications detected by flberoptlc gastroscopy Included gastritis In 
20 patients, duodenltls In 10 patients, duodenal necrosis In 4 oatlents, 
esophagltls In 21 patients and esophageal ulceration with associated 
hemorrhage In 6 patients. Acute cholecystltls was diagnosed at post 
mortem examination In 6 patients but In no patient was this the cause of 
death. Pancreatltls usually of the lnterstltlal type and of mild degree 
was diagnosed In 40 patients or 15% of all dispositions. Major renal 
complications In our burn population Included some degree of renal failure 
usually as a terminal event In 40 patients. Hemodlalys Is was carried out 
In three patients and peritoneal dialysis In I patient. 

Cardiac complications played a significant role in patient morbidity 
and mortality. Nine patients sustained acute myocardial Infarction and 
all died. Infectious myocardial compll-.atlons Included myocardial abscess 
In 1 patient, bacterial endocardltls In, patients, acute perlc3rdltls In 
6 patients, and acute pancardltls In two patients. Operative perlcardec­
tomy was necessary In I patient for constrictive perlcard ftls. 
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Pneumonitls has continued to be a significant problem In 1973 as 
It was In preceding years. Bronchopneumonla was diagnosed In 92 patients 
(34%) .,d Inhalation Injury diagnosed by either clinical criteria, bron­
choscopy or l33xenon lung scan was noted In 57 patients (21%). Pulmonary 
edema occurred In 70 patients (26%) and atelcctasls In 23 patients. 
Pneumothorax occurred In 8 patients and was either associated with the 
use of a mechanical ventilator or inaccurate Insertion of a subclavlan 
vein cannula In each Instance. Pulmonary embo1I were detected eith~r 
cllnlcally or at autopsy In 11 patients. At autopsy 10 patients had 
pulmonary thrombosis and In 7 of these patients the emboll were septic. 
Herpetlc pharyngeal slough occurred In 3 patients. Tracheostomy was 
performed In 49 patients (18%) for specific Indications such as acute 
Inhalation Injury, upper airway obstruction or prolonged ventilator 
support. 

SUMMARY 

During calendar year 1973 261 patients were admitted to the U.S. 
Army Institute of Surgical Research. Previou~ly reported therapeutic 
modalities developed at the Institute 0ver the past seven years were 
maintained. In addltlo11 newer modalities of c1lnlca1 therapy were 
Instituted and evaluated and these Included flberoptlc endoscopy to 
evaluate gastrointestinal pathology of the early post burn patient, 
fiberoptlc bronchoscopy to better define the spectrum of acute Inhalat­
ion Injury, more sophisticated pulmonary function measurements and 
critical evaluation of the metabolic response of the thermally Injured 
pat ient. As In previous years, the Institute of Surgical Research was 
Involved In the education of many military and clvlllan personnel, not 
only at the Unit but In the medical community. This was carried out by 
111Jltlple presentations, publications and participation at professional 
meetings, as well as In-house training and education of house officers, 
staff ~hyslclans, foreign physicians and paramedical personnel by the 
staff of this Institute. 

Infection continues to be the rrost frequent cause of morbidity and 
the major cause of mortality In thermally Injured patients. Pulmonary 
Infection remains the rrost conmen septic complication. Gram-negative 
organisms continue to be the offending agent In the majority of septic 
compllcatlons but Staphylococcus aureus, coagulase positive remains a 
major pathogen In the burn patient. Although new methods of treatment 
have been Instituted and new antibiotics are continually being Introduced, 
the mortality In thermally Injured patients has been altered very little. 
Consequently Intensive clinical and experimental research continues at 
this unit to develop better methods of prevention and treatment. 
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PRESENTATIONS 

Pruitt BA Jr: Role of the Nurse In Burn Care. Registered Nurses 
Club, Fort Sam Houston, TX 16 Jan 73. 

Pruitt BA Jr: Resuscitation and Hemodynamlc Changes Following Burn 
Injury. Sixth Anl Symp. of Military Plastic Slirgery, Wash DC 17-19 Jan. 

HcGranahan BG: Care and Treatment of Burns. 91C students, Brooke 
Gen Hosp, BAHC, Fort Sam t!ous ton, Texas 24 Jan 73. 

Agee RN: The Treatment of Burns. Off Basic Course ; MFSS, BAHC, 
Fort Sam Houston, TX 31 Jan 73. 

Long JM Ill: Current Techniques of Parenteral Hy~eral imentatlon. 
Annual Mtg of the Brooklyn Surgical Society and St. Albans Naval Hosp 
s taff, N.Y. 1 Feh 73. 

Long JM Ill: Intravenous Hyperallmenta t lon: Rationale and Poten­
tial Compl:catlons. House staff and students, Downsta t e Medical Center 
Kings County Hospital, Brooklyn, N.Y. 2 Feb 73. 

Long JM I ll: Current Management of Acute Thermal Injury. Visiting 
staff, surgical staff, house staff and students Downstate Medical Center 
Kings County Hospital, Brooklyn, N.Y. 2 Feb 73. 

McGranahan BG: Nursing Care of Burns . Air Force Nurses and 
corpsmen, Lackland _Dispensary, Lackla'ld MB, TX lit Feb 73. 

Pru i tt BA Jr: (1) The Use of Physiologic Dressings; (2) Electrical 
Burns. Management of the Burned Patient Course, Dept of Surg, Washington 
Univ & Hartford Burn Unit, Barnes Hosp, St Louis, HO 16-17 Feb 73 

Pruitt BA Jr: Cur ent Management of the Severely Burned Patient. 
Crozer-Chester Medical Center Cont Edu Program, Philadelphia, PA 20 Feb. 

Pruitt BA Jr: Fluid Therapy and Fluid Problems In the Burn Patient. 
Plastic Surg Conf, Univ of Tex Med Sch at San Antonio. San Antonio, TX 
21 Feb 73. 

Pruitt BA Jr: Current Management of the Burn Patient. Children's 
H~p, Coll.l'flbus, OH 28 Feb 73. 

Long JM 111: The Current Status of Parenteral Uyperal lmentation in 
the Management of Malnutrition In tne Hosplt~llzed Patient. Seminar on 
Total Intravenous Feeding, Denver, Colorado 1 Har 73. 

The follcwlng presentations were given to the Brooke Army Medical 
Center- Univ of Texas Medical School at San Antonio Symp on Surgical & 
Orthopaedic Aspects of Trauma, San Antonio, TX 6 Har 73: 
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HcHanus WF: Early Care of the Burn Patient 
Warden GD: Fluld Management Fol~owlng Resuscitation 
Agee RN: Topical Therapy of the Burn Wound 
Taylor JW: Coverage of the Burn Wound 
Long JH Ill: Pulmonary Compllcatlons 
Erickson DR: Other Septic Compllcatlons 
WIimore OW: Nutrltlonal and Metabolic Conslderatlc,1s 

Pruitt BA Jr: (1) Burn Wound Care, Including Topical Chemotherapy 
and the Use of Physlologlc Dressings. (2) Recent Advances In 'Burn Manage­
ment. (3) Hemodynamlc Changes Following Thermal Injury as Related to 
Resuscitation. First National Australian Burn Symposium, Melbourne, Aust­
ralia. 5-13 Har 73 

Pruitt BA Jr: Recent Studies on Fluid Resuscitation, Inhalation 
Injury, and Wound Care. Staff Conf of the Royal Prince Alexandre Hosp 
for Children, Sydn~y, Australia. 

HcHanus WF: Resuscitation and Fluid Balance. 2nd Flame-Free 
Design Conference, Baton Rouge, LA 8 Har 73. 

Long JH Ill: The Treatment of Burns. Allied Hedlcal Officers 
AAHAHO Course USAF Sch of Aerospace Hed, Brooks AFB TX 9 Har 73. 

Wilmore OW: Nu ' rltlon and Hetab.ollc Considerations In Burn Care. 
Allied Medical Officers AAHAHO Course USAF Sch of Aerospace tied, Brooks 
AFB TX 9 Har 73. 

Reardon JC: Burns - General O.T. Treatment. Occupational Therapy 
Brooke Army Hedlcal Center ~ Fort Sam Houston, TX 10 Har 73. 

HcGranahan BG: Nursing Care of Burns. Flight Nurses and Technic­
ians, Sch of Aerospace Med, Brooks AFB TX 13 Har 73, 

Pruitt BA Jr: Burn Research. Army Scientific Adv Panel, Wash DC 
19-20 Har 73, 

HcHanus WF: Modern Treatment of Burns. Htg of the Texas State 
Safety Assn, Houston, TX 27 Har 73. 

The following presentations were made at a Tez~ Symposium on Burns 
at the Univ of Missouri, Columbia, HO 29-30 Ha r· 73: 

Agee RN: (I) lnltlal Treatment of the Burn Patient; (2) Burn 
Compllcatlons; (3) Burn Research 

Loveless SD: (1) Physical Therapy for the Burn Patient; (2) 
Occupational Ther~py for the Burn Patient 

Wooten C Jr: ( 1) Nurs Ing I mp 11 cat Ions In the Care of the Burn 
Patient; (2) Nursing Care of the Burn Patient 
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Pruitt BA Jr: (1) Non-bacterial Opportunistic Infections; (2) 
Complication& of Intravenous Allmentatlon; (3) Treatment of . Burns 
ACS Postgraduate Course on Fluids & Electrolytes, New York, NY 2-~ Apr 73. 

The following presentations were made to the American Burn Assn Anl 
Mtg, Dallas, TX 6-7 Apr 73: 

Reardon JC: 
Taylor JW: 
Slogoff S: 

An Axillary Splint for Thermal 'ly Injured Patients 
Sdnsory Stimulation of t he B~r~ed Patient 
Subanesthetlc Ketamine for Debridement of Thermally 

lnj •Jred Patients 
Warden GD: Water Deficit In Hypermetabollc Burn Patients 
Bristow B: Provlslon ·of Nutritional Care to the Burned Patient 
Clayton WH: Use of Inhalation Therapy in Burn Care 
Pruitt BA Jr: Invited discussant of 3 papers. 

The following presentations were made to the Global Med Course, 
USAF Sch of Aerospace Med, Brooks AFB, TX 9 Apr 73: 

ings 

McHanus Wr: Initial Care and Resuscitation of the Burn Patient 
Long JM Ill: Wound Care; Topical Chemotherapy and Biologic Dress-

Wilmore OW: Post Resuscitative Fluid and Caloric Requirements 
HcAlhany JC Jr: Compl I cat Ions of Thermal Injury 

Warden GD: Resuscitation and Initial Care of Thermally Injured 
Patients. Emergency Room Staff, Brooke Army Medical Center, Fort Sam 
Houston, TX 12 Apr 73. 

Pruitt BA Jr: Treatment of the Burn Victim. Univ of Tex Hed Sch 
at San Antonio, San Antonio, TX I~ Apr 73. 

Long JH Ill: Treatment of Burns. Academy of Health Sciences 
Physician's Assistant Program students _ USA ISR, BAHC, Fort Sam Houston, 
TX !8 Apr 73. 

Agee RN: Treatment of Burns. Academy of Health Sciences Physician's 
Assistant Program s~udents, USA ISR, BAHC, Fort Sam Houston, TX 20 Apr 73, 

Erickson DR: Treatment of Burns. Academy of Health Sciences 
Physician's Assistant Progran students, USA ISR, BAHC, Fort Sam Houston, 
TX 25 Apr 73, 

Pruitt BA Jr: Discussant of paper entitled "Changing Patterns in 
Surgical Infection," presented by Dr. WA Altemeler, American Surg Assn 
Mtg, Los Angeles, CA 25-27 Apr 73 

Pruitt BA Jr: Fluid Resuscitation and Hemodynamlc Changes In Burn 
Patient. Staff mtg, Los Angeles County Hosp, Los Angeles, CA 26 Apr 73. 
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Taylor J\-1: Treatment of Burns. Academy of Health Sciences Physic­
Ian's Assistant Pr,ogram students, USA ISR, BANC, Fort Sam Houston, TX 
27 Apr 73. 

Wlln10re DW: Clinical Evaluation of a 10% Intravenous Fat E111.11slon 
for Parenteral Nutrition In Thermally Injured Patients. American 
Surgical Assn Mtg, Los Angeles, CA 27 Apr 73 

Pruitt BA Jr: Current Management of Extensively Burned Patients. 
Staff Mtg, Harbor General Hospital, Torrance, CA 27 Apr 73, 

· Pruitt BA Jr: Grand Rounds, Surgical Service, Harbor General Hosp, 
Torrance, CA 28 Apr 73, 

Agee RN: Compllcatlons and Management of the Burn Patient. Emerg 
Rm Staff, Brooke Army Medical Center, Fort Sam Houston, TX 3 Hay 73. 

Long JH Ill: The Current Management of Burn Injury. Texas Medical 
Assn on Trauma Mtg Dallas, TX 4 Hay 73, 

Pruitt BA ,Ir: The Organization of the Texas Division of the Amer 
Trauma Soc Mtg, Chicago, IL 6 Hay 73. 

HcHanus \·IF: Care of the Burn Patient. Cllnlcal Pastoral Education 
for Chaplains Course, Brooke Arrrry Medical Center, Fort Sam Houston, TX 
7 Hay 73 

The followlng pr~sentatlons were made at the Team Symposium on Burns 
Arkansas Chapter of the American Physical Therapy Assn Htg, Little Rock, 
AR 5-6 Hay 73: 

Erickson DR: The Treatment of Burns 
Hall \JF: Physical Therapy of the Burn Patient 
Reardon JC: Occupatlonal Therapy of the Burn Patient 
Wooten C Jr: Nursing Care of the Burn Patient 

Erickson DR: Care of the Burn Patient. Allied Medical Officers, 
Sr.h of Aerospace Hed, Brooks AFB, TX 10 May 73. 

Taylor JW: Burns In Pregnancy. San Antonio OB-GYN Society Mtg, 
San Antonio, TX 16 Hay 73, 

Long JH 111: 
Kansas CI ty, I«>. 

Current Techniques of Total Intravenous Nutrition. 
18 May 73 

HcManus WF: Thermal Injuries. AF Reserve Technician Officers Course 
Brooks AFB, TX 23 Hay 73. 

HcGranahan BG: Nursing Care of the Burn Patient. Paramedical 
students, Central Service Program, Bexar County Hosp District, San Antonio, 
TX 25 May 73. 
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Pruitt BA Jr: Pulmonary Complication of Trauma. Pathoblology of 
Tra&Mna Program, Univ of Minnesota, Minneapolis, HN 5-7 Jun 73, 

Pruitt BA Jr: Current studies on Fluid Replacement in the Extensive­
ly Burned Patient. Surg Conf 1 Univ of Tex Hed Sch at San Antonio, San 
Antonio, TX 8 Jun 73. 

HcGranahan BG: Nur~lng Care of the Burn Patient. Air National 
Guard Nurses and Technicians, Kelly AFB, TX 9 Jun 73. 

Pruitt BA Jr: Fluid Resuscitation of the Extenslve1y Burned Patient. 
Surg Svc, William Beaumont Gen Hosp, El Paso, TX 8-10 Jun 73. 

HcGranahan BG: Nursing Care of the Burn Patient. LVNs and Instruc­
tor from Jourdanton, TX 13 Jun 73, 

Pruitt BA Jr: (1) Initial Care of the Exten;lvely Burned Patient; 
(2) Management of the Burn Wound. Staff Boston rity Hospital, Boston, HA 
12-13 Jun 73. 

W, lmore OW: Use of I.V. Ft Emulsions for Parenteral Nutrition. 
Walter Reed Armv Medical Center, Washington, DC 16 Jun 73. 

HcGranahan BG: Nursing Care of Burns. Nursing students and staff 
Brackenridge Hospital, Austin, TX 20 Jun 73 

HcGranahan BG: Nursing Care of Burns. Clinical Specialist School 
Brooke Armv Medical Center, Fort S?.m Houston, TX 21 Jun 73. 

Pruitt BA Jr: Early Care of the Extensively Burned Patient. 
County Medical Society, Shelby, NC 21 Jun 73. 

Pruitt BA Jr: Current Management of the Burn Wound. Continuing 
Education Program, Cleveland Memorial Hospital, Shelby, NC 22 Jun 73. 

Pruitt BA Jr: Course Olr~ctor, American Medical A~soclatton. Post­
graduate Course on Burn Care, New York, NY 2~ Jun 73. 

Pruitt BA Jr: Treatment of Burns. Symp. on Management of Shock. 
Hahnemann Gen Hosp, Philadelphia, PA 2~-26 Jun 73, 

Wilmore OW: Nutrition In Burns. Nurses Burn Course, University of 
Texas Southwest Medical School, Dallas, TX 26 Jun 73. 

Allen GW: Anesthesia and the Burn Patient: Anesthesia residents 
Brooke Army Medical Center, Fort Sam Houston, TX 26 Jun 73, 

Taylor CH: Care of Burns. Volunteer Firemen, Pipe Creek, TX 12 Jul 
73, 

HcGranahan BG: Nursing Care of Burns. Nursing Students Baptist 
Memorial Hospital, San Antonio, TX 26· Jul 73 -
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Taylor, JW: Treatment of Burns. Officers Basic Course, Academv of 
Health Sciences, Fort Sam Houston, TX 17 Aug 73. 

Agee RN: Burns - Initial Care. Students Intensive Care Nursing 
Course, Brooke Army Medical Center, Fort Sam Houston, TX 22 Aug 73. 

McGranahan BG: Nursing Care In Burns. Flight Nurses and Techni­
cians, Brook.s AFB TX 28 Aug 73. 

McGranahan BG: Nursing Care In Burns. Students Advanced Operating 
Room Nurses Course, Brooke Army Medical Center, Fort Sam Houston, TX 29 
Aug 73. 

Hunt JL: Burn Wound Therapy. Students Intensive Care Nursing 
Course, Brooke Army Medical Center, Fort Sam Houston, TX 31 Aug 73. 

Long JM Ill: H)perallmentatlon. Students Intensive Care Nursing 
Course, Brooke Arfftf Medical Center, Fort Sam Houston, TX 5 Sep 73. 

McGranahan BG: Nursing Care and Treatment of Burns. AF Nurses and 
Corpsmen, Speclallzed Treatment Center, Lackland AFB, TX 5 Sep 73. 

McGranahan BG: Nursing Care and Management of Burns. Enlisted 
personnel of 41st Hospital Group, rc~t Sam Houston, TX 10 Sep 73. 

HcAlhany JC Jr: Compllcatlons. Students Intensive Care Nursing 
Course, Brooke Army Medical Center, Fort Sam Houston, TX 12 Sep 73. 

McGranahan BG: Nursing Care of Burns. Students Intensive Care 
Nursing Course, Brooke Army Medical Center, Fort ~am Houston, TX 13 Sep 
73. 

Warden D: Hanagerrient of Thermal Injuries. Officers Basic Course, 
Acadefftf of Health Sciences, Fort Sam Houston, TX 14 Sep 73. 

Long JM Ill: Management of Acute Burn Injuries. University of 
Texas Hedlcal School at Houston, Houston , TX 14 Sep 73, 

WIimore IM: H\lnan Growth Hormone and High Caloric Feedings: Modi­
fication of the Metabolic Response Following Thennal Injury. Joint 
meeting of the European Society for Cllnlcal Research and the British 
Society for Cllnlcal Investigation, Garmlsh, Germany. 17 Sep 73. 

WIimore IM: Burn Care. University of Padova, Padova, Ital~. 
21 Sep 73. 

Pruitt BA Jr: Discussion of Laser Excision of Burns, Use of Biologic 
Dressings In the Care of Burn Patients, Early Resusclcatlon . and Synthetic 
Ski ll . Staff Conference, Institute of Plastic and Reconstruc ~lve Surgery, 
University of Padua, Padua, Italy. 21 Sep 73. 
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Pruitt BA Jr: Control of Burn Wound Infection by Topical Therapy, 
Results In over 2600 Burn Patients. Twenty-Fifth Congress of the Soclete 
Internationale de Chlrurgie, Barcelona, Spain 25 Sep 73. 

Long JM 111: Surgical Grand Rounds, University of Oklahoma Hedi cal 
Center, Oklahana City, OK t, Oct 73. 

The following presentations were made to the Amer Assn for Surgery 
of Trauma Mtg, Chicago, IL 11 Oct 73: 

Hunt JL: Vascular Lesions In Acute Electrical Injuries. 
Salisbury RE: Artificial Tendon Design, Application and Results. 

Wilmore OW: Stres> Ir, Man a Reflection of Hetabol lc and Organ 
Changes as Seen In the Injured Patient. Surgical Grand Rounds. Univer­
sity of Wisconsin, Madison, WI 13 Oct 73 

Wilmore OW: Hyperglucagonemta Following Thermal Injury: Insulin 
Glucagon Ratio Following Thermal Injury. American College of Surgeons 
Htg, Chicago, IL 16 Oct 73. 

Taylor JW: Burns - Fluid and Electrolyte Management, Sepsis. 
Nursing students, ICU, CCU nurses, Brackenridge Hospital, Austin, TX 
16 Oct 73. 

McGranahan BG: Nursing Care In B1.; rns. Flight Nurses and Techni­
cians, Sch of Aerospace Med, Brooks AFB, TX 17 Oct 73. 

The fol lowing presentations were made and meetings attended by 
Pruitt BA Jr In connection with the ACS Mtg Chicago IL 15-19 Oct 73: 
(1) Meeting, Surgical Biology Ill Club; (2) Meeting, ACS Pre- and Post­
operative Care Cornnlttee; (3) Chairman, ACS Postgrad Course No 5, ''Total 
Care of the Burned Patient"; (4) National Burn Information Exchan~ Mtg; 
(5) North Amerlcan 'Chapter International Society of Surgery Mtg; (6) 
Moderator, Conteq,orary Surgery Symposium, "Cllnlcal ,\spects of Burn Care" 
and (7) Panel Member, ACS Interdisciplinary Panel on, "Management of the 
Problem, Hy;,ertrophlc Scar and Kelold, 11 and presentation, Surgical 
Approach and U~e of Pressure In the Management of Hypertrophlc Scar and 
Kelolds" 

Wilmore OW: Metabolic Changes In Nutrition in Burn Patients. Post 
graduate course on burns, American College of Surgeons, Chicago, IL 
18 Oct 73. 

HcGranahan BG, Warden G,, Loveless SD, Shaw AL, Din A, Brownlee JW: 
(1) Working Together for the Burn Patient; (2) Team Approach to Care of 
Burn Patients. Current Concepts in Nursing Course, Cllnlcal Concepts 
Group, San Antonio, TX 18 Oct 73. 
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WIimore IM: Post Traumatic Changes In Metabolism and Energy Balance. 
Dietitians Brooke Amry Medical Center, Fort Sam Houston, TX 24 Oct 73, 

Levine NS: R~versal of lntraperltoneal Pseudomonas Mortality In Rats 
by Surgical Excision and Grafting. American Society of Plastic and Recon­
structlve Surgeons mtg, Hollywood, FL 24 Oct 73, 

Wilmore DW: Parenteral Nutrition. Dietitians Brooke Army Medical 
Center Fort Sam Houston, TX 25 Oct 73, 

Wilmore DW: Endocrine Changes Following Trauma. Dlscu~slon at 
Surgical Grand Rounds, University of Texas at Houston, TX 29 Oct 73, 

Pruitt, BA Jr: Surgical Infections and Burns. Symp. Pseudomonas 
Infections, Walter Reed Army Institute of Research, WRAHC, Wash DC 29 Oct. 

HcGranahan BG: Burn Care. Lions Clubs of San Antonio, San Antonio, 
TX 31 Oct 73, 

Wilmore DW: Glucose Regulation F llowlrg Operation and Injury. 
Medical College of Wisconsin and Surgical Grand Rour ds VA Hospital, 
HI lwaukee. WI 5 Nov 73, 

Orcutt TW: Current lnltlal · Hanagement of Burn Patients. ~fflcers 
Basic Course, Academy of Health Sciences, Fort Sam Houston, TX g Nov 73, 

Taylor JW: Burns Then and Now. Assn of Operating Roam Technicians, 
Regional mtg, San Antonio, TX 10 Nov 73, 

Wilmore DW: 
Surgical Society. 

Treatment of Burns. 
11 Nov 73, 

Panel Discussion, Southern 

Pruitt BA Jr: Panel moderator "What's New In Burns" symp. on Burns. 
Presentation: "Sepsis In Burns" Southern Hedlcal Assn Htg San Antonio, TX 
14 Nov 73, 

WIimore DW: Weight Changes Following Burn Injury. Nursing Staff, 
USA I SR Brooke A rffPf Hed I ca 1 Center, Fort Sam Houston , TX Pt Nov 73. 

Taylor .N: Burns. Explorers, Boy Scouts of America, San Antonio, 
TX Jlt Nov 73, 

The following presentations were made at the Southern Medical Assn 
mtg, San Antonio, TX Pt Nov 73: 

Hw,t JL: Complications of Thermal Injury 
Long JH 1.11: Nutrition In Burns. 

Bluemle tt.: Role of the Research Nurse. Nursing students, Incar­
nate Word College, San Antonio, TX 19 Nov 73. 
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McGranahan BG: Nursing Care of Burn Patients. Students 91C Course, 
Brooke Army Medical Center, Fort Sam Houston, TX 21 Nov 73. 

Orcutt . 1\1: Current Trends In Burn Therapy and Prevention. Armed 
Forces C011111unlcatlons, Electronics Assn, San Antonio, TX 29 Nov 73. 

Hunt JL: Asepsls and Antisepsis In Wound Care . Burn Syll1)oslum for 
Nurses and other Health P,rofesslonals. University of Southern Califor­
nia School of Medicine, Postgraduate Division, Los Angeles, CA 3 Dec 73. 

Long JH Ill: Triage and Management of Mass Burn Casualties. AF 
Medical Officers, Medical Aspects of Advanced Warfare Course, Brooks 
AFB TX~ Dec 73. 

McGranahan BG: Nursing Care of Burn Patients. Fli ght Nurses and 
Technicians, Sch of Aerospace Med, Brooks AFB TX 5 Dec 73. 

Pruitt BA Jr: · (1) Use of Biological Dressings; (2) Use of Sulfamylon 
Bum Cream. Paramedical Burn Care Panel. Sy"1)oslum on the Treatment of 
Burns, Columbia Presbyterian Medical Center, Medical College of Virginia, 
Richmond, VA 7 Dec 73, 

Wilmore DW: Metabolic Effects and Demands ·of Trauma. Postgraduate 
Course, Wayne State University, Detroit, HI 8 Dec 73, 

Wilmore DW: Energy and Metabolic Changes Following Thermal Trauma. 
Grand Rounds, Albert Einstein University Sch of Hed, Dept of Surg, N.Y. 
11 Dec 73. 

Bluemle HL: (1) The Health Nurse Clinician as Research Nurse; 
(2) Nurse Clinician Role Development - Group Discussion. Health, 
Education and Welfare Mtg, Wayne State University, Detroit , HI 1~ Dec 73, 
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PUBLICATIONS 

Reckler JM, Flemma RJ, Pruitt BA Jr: Costal chondrltls: An unusual 
complication In the burned patient. J Trauma 13:76-80, 1973. 

Silverstein P, Ruzicka FJ, Heln<.amp GM Jr, Lincoln AA Jr, Hason AD 
Jr: In vitro evaluation of enzymatic debrldernent of burn wound eschar. 
Surgery 73: 15-22, 1973. 

Silverstein P, Peterson HD: Treatment of eyelid deformities due to 
burns. Plast Reconstr Surg 51:38-~3. 1973. 

Spitzer M~, Ritchey C, Glennon JM, Villarreal Y, Mason AO Jr: A 
rapid method of ~reparlng food for sodium and potassium a,,alyses. 
J Arner Diet Assn 62:~4-~, 1973. 

Rogers PW, l{urtzman NA, Bunn SM Jr, White HG: Fami ial benign 
essential hematuria. Arch Intern Hed 131 :257-262, 1973. 

S~lisbury RE, Palm L: Dynamic splinting for dorsal burns of the 
hand. Plast Reconstr Surg 51:226-228, 1973. 

Curreri PW. Bruck HM, Llndber RB, Mason AD Jr, Pruitt BA Jr: 
Providencia stuartlt sepsis: A new challenge In the treatment of thermal 
Injury. Ann Surg 177:133-138, 1973. 

Kurtzman NA, White MG, nogers PW: The effect of potassium and extra­
cellular volume on renal bicarbonate reabsorptlon. Metabolism 22:481,492, 
1973. 

Newsome TW, Eurenlus K: Suppression of granulocyte and platelet 
production by Pseudomonas burn wound infection. SG&O 136:375-379, 197;. 

Moylan JA Jr, Mason AO Jr, Rogers PW, Walker HL: Postburn shock: A 
critical evaluation of resuscitation. J TralM'la 13:35~-358, 1973. 

Heln<.amp GM, Blackwell JP, Wllroore OW: Eruthrocyte sodium transport 
and rneri>rane adenoslne trlphosphatase In patients with thermal injury. 
Cllnlca Chlmlca Acta 47:5-12, 1373. 

Warden GD, Wilmore OH, Rogers' PW, Mason AD Jr, Pruitt BA Jr: Hyper­
natremlc state In hypermetabolic burn patients. Arch Surg 106:420-427, 1973. 

Moylan JA Jr, Pruitt BA Jr: Aeromedical transportation. JAMA 224: 
1271-1273, 1973. 

Salisbury RE, Wilmore O\!, Silverste in P, Prui t t BA J r : Biological 
dressings for skin graft cbnor sites. Arch Surg 106:7 5-706, 1973, 

McManus WF, Eurenlus K, Pruitt BA Jr: Dis mlnat d intravascular 
coagulation in burned patients. J Trauma 13:416-422, 1973. 
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Horris AH, Spitzer KW: Lung function In convalescent burn .,atlents. 
Am Rev Resplr Dis 108:989-993, 1973. 

Salisbury RE, Hunt JL, Warden GD, Pruitt BA Jr: Management of elec­
trical burns of the upper extremity. Plast Reconstr Surg 51:648-652, 1973. 

Pruitt BA Jr, Foley FD: The use of biopsies In burn patient care. 
• Surgery 73 :887-897, 1973. 

Warden GD, Wilmore OW, Pruitt BA Jr: Central venous thront>osls: A 
hazard of medical progress. J Trallfta 13:620-626, 1973. 

Langlinais PC, HcKeel OW Jr: Massive accurm.ilatlon of alveolar 
lattice formations and lamellar bodies In experimental phycomycotlc 
pneumonltls. Texas Rep Biol Med 31:203-213, No 2, 1973. 

Asch HJ, Felchan RJ, Walker HL, Foley FD, Popp RL, Hason AD Jr, 
Pruitt BA Jr: Systemic and pulmonary hemodynamlc changes accompanying 
thermal Injury. Ann Surg 178:218-221, 1973. 

Newsome TW, Mason AD Jr, Pruitt BA Jr: Weight loss fJllowlng thermal 
Injury. Ann Surg 178-215-217, 1973. 

Rogers PW, Kurtzman NA: Renal failure, uncontrollab ie thirst, and 
hyperrenlrw.mla. JANA 225:1236-1238, 1973. 

Eurenfus K, Drouse RO: Granulocyte kinetics after thermal Injury. 
Amer J Clln Path 60:337-342, 1973. 

Newsome TW, Asch HJ, HcGulgan JE, Pruitt BA Jr: Gastrln levels 
following thennal Injury. Arch Surg 107:622-624, 1973. 

Slogoff S, Allen GW, Warden GD, HcHanus WF: Tracheoesophageal 
fistula following prolonged tracheal Intubation In a thermally Injured 
patient. Anesthesiology 39:453-455, 1973. 

Spitzer KW, Horris AH, Arnhold H: 
pulmonary function In trauma patients. 
60:607-612, 1973. 

A valve asseni>ly for studying 
J Thorac, Cardlovasr Surg 

Saltsbury RE, Loveless S, SIiverstein P, Wilmore OH , Moylan JA Jr, 
Pruitt BA Jr: Postburn edema of the upper extremity: Evaluation of 
present treatment. J Trallfta 13:857-862, 1973. 

Wtlmort. OW, Moylan .IA Jr, Held(amp GH, Pruitt BA Jr: Clinical 
evaluation of a 10% Intravenous fat emulsion for parenteral nutrition In 
thermally Injured patients. Ann Surg 178:503-513. 1973. 
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Wessels JV, Allen GW, Slogoff S: Effect of nitrous oxide on 
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MOTION PICTURES 

The following 111>tlon picture was shown at the American College of 
Surgeons Anl Conv, Chicago, 111., 15-19 Oct 73 and at the American Soc 
of Plas tic and Reconstructlve Surgeons Mtg, Hollywood, Fla., 21-26 Oct 73: 

11Hanage11ent of Upper Extreml ty Burns" 
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23. (U) Clinical and laboratory Invest igations pertaining to seve·e physical trauma 
which has been sustained by soldiers in the field. 

2,., (U) Planned clinical and laboratory studies relating to acute and chronic Injury. 
Studies conducted by this branch have Included both clinical studies Involving patients 
on the ward and laboratory Involving animal models. 

25. (U) 73 07 - 7ft 06 This year the Surgical Study Branch was involved in better 
defining the relationsh,p between thermal injury, wound healing, and Infection. 
Investigations were also performed on the development of an artificial skin and 
artificial tendon prostheses for thermally Injured soldiers. Cl inlcal Investigations 
have centered on Improving the function of the thermally Injured hand. In addition, 
ongoing Investigation of gastrointestinal and liver function has aided understanding 
of the pathophyslologic dysfunct 'on of these organs which o cur following Injury. In 
addition, ward officer coverage and gastroenterologic coverage were provided by members 
of this branch. 
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ABSTRACT 

PROJECT NO. 3Al61102B71R-OI, RESEARCH IN BIOMEDICAL SCIENCES 

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

US A""'f Institute of Surgical Research, Brooke Arrrry Medical Center, 
Fort Sam Houston, Texas 7823~ 

Period covered In this report: I January 1973 - 31 December 1973 

Investigators: Roger E. Salisbury, MO, Major, MC 
Albert J. Czaja, MD, Major, MC 
Basil A. Pruitt, Jr., MD, Colonel, MC 

Reports Control Symbol MEDDH-288(R1) 

The Surgical Study Branch has continued to render cllnlcal care 
to burn and t rauma patients admitted to the Institute from all three 
branches of tt e Armed Forces, In addition to veterans and clvlllan 
eNrgencles. 

In addition to the cllnlcal care of the seriously Injured, the 
members of this branch have been concerned with problems relating to 
wound healing, rehabllltatlon of the thermally Injured hand, and 
alterations In function of ·the gastrolntestlnal tract and I Iver. 
Doth branch members have participated actively In various teaching 
pr09r .. , both on • local, national, and lntematlonal basis. 

Research projects Include evaluation of dlgltal escharotomy In 
salvaging thermally Injured fingers, the effect of Infection on the 
rate of wound heal Ing In the thermally Injured,• comparison of the 
efficacy of the various topical antibiotics in the prevention of burn 
wound sepsis, and the revelopment of an artlflclal tendon for use In 
severely Injured fl ·.~rs. In acidltlon, stress ulcers have been 
studied extensively by endoscopf, biopsy of the ga trlc mucosa, meas­
ur..-.nt of acid secret Ion and b,1ck d lffus Ion from the stomachs of 
seriously Injured soldiers. liver function and blllrubln conjuga­
tion studies have been determined to reflect hepatic a l teration fol­
lowing trauma. 

Tra1.111a 
Post-traumatic gastrointestinal function 
Combat CHualty 
Wound h .. 11 ng 

• 
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CLlNICAL OPE.AATlON, SURGI.CAL STUD'( BRANCH. FOR 
TREATMENT OF INJURED SOLDI.ERS 

The three major activities· of th_e Surgtcal Study Branch are: 
P primary delivery of medl'cal and surgtcal care to acutely burned 
soldl·ers admf-tted to thJs Institute; 2) clinical and laboratory 
research In problems rel~ted to the care and rehabtlltatlon of 
burn patients; 3) the education of medical and paramedical personnel 
In the care of the seriously Injured. 

The delivery of medical care Is the prime purpose of this branch 
wl th emphas Is p 1 aced on the app 11 cat Ion of knowh?dge ga I ned from 
clinical research Integrated into management of the seriously Injured 
patient. The branch chief serves as ward officer and medical offlc~r 
for Ward 13B, and all branch members provide consultation and care 
In the areas of hand surgery, gastrointestinal function, and liver 
function. Techniques and modalities developed In this unit are cur­
rently applied to the care delivered to seriously injured patients 
who remain hospitalized until all wounds are healed. At time of 
discharge, the patients are referred to their local physicians or 
specialty centers for attention to specific reconstructtve and re­
habilitation programs or for return to duty. 

Clinical and laboratory research may be placed in the following 
categories: 1) the study of various treatment modalities that might maxi­
mize return of funct.on In those patients with thermal Injury of the 
upper extremity; 2) elucidation of factors affecting wound heal Ing post­
thermal I ,jury; 3) de.velopment of an artificial tendon for use in sol­
diers with severe hand Injuries; 4) description of the evolution of 
stress ulcers of the gastric mucosa In burn patients and the lnter­
relatlonshlp of the observed changes with ~• :ch factors as 3astric 
mucosal blood flow, back diffusion, gastric acid production, bowel re­
flux, and mucus production; 5) description of the liv~ dysfunction 
which occurs following Injury and specific relationionship of altera­
tions In blllrubln conjugation to the neuroendocrine response which 
characterizes the catabol le phase of traur,ia. 

Flna11y all branch members partidpate in teach ing activiti'es by 
discussing methods of care, research findings and t ·echnlques with others, 
both locally and nationally. This has aideu understanding of the changes 
In wound healing and organ dysfunction which occur following thermal in­
jury and added to scientific Interchange in these areas of study. 

PUBLICATIONS AND/OR PRESENTATIONS 

See report of Clinical Divi s ion, USAISR 
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ABSTRACT 

PROJECT NO. · 3Al61102B71R-OI, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: ANESTHESIOLOGY 

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

Period covered In this report: 1 January 1973 - 31 December 1973 

Investigators: Stephen Slogoff, HD, Major, HC 
Gary W. Allen, MD, Major, MC 
Allister K. Morris, HD, Major, MC 

Reports Control Symbol HEDDH-288(R1) 

In 1973, 141 of 273 patients whose disposition was completed at 
the United States Army Institute of Surgical Research were given 377 
anesthetics at this Institute. Of the anesthetics given, 40.3% were 
halothane, with or without nitrous oxide In oxygen, 33.5% were keta­
mlne, with the remainder consisting of nitrous oxide, barbiturate, 
Ethrane with nitrous oxide and oxygen, and regional blocks. Of those 
patients receiving anesthesia at the Institute of Surgical Research, 
the mean number of anesthetics per patient was 2.67. One Intra­
operative complication occurred during the year and will be discussed 
In detail In the text. No intraoperative deaths occurred. During 
this year, subanesthetic ketamtne for debridement or dressing change 
In the Hubbard tank became accepted practice, and approximately 100 
patients received 400 exposures. 

Anesthesia 53< 
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ANESTHESlOLOGY 

The fol low-h,g Is· a descrtpHon of current anesthetl'c practices· 
and techntques at the US Arrrrf tnsttt · • , of Surgl·cal Research.. Per~ 
tlnent sutts-ttcal data are l:ncluded ln th.ts· ·report. 

PREOPERATIVE PREPARATION 

Patients for elective surgery are held NPO after midnight. This 
usually Involves a fasting period of some 8-14 hours. Infants and 
children through age four are permitted clear liquids until 0400 hours. 
Using ~his regimen, we have had no vomiting or aspiration of stomach 
contents on Induction In patients for elective surgery. Serlous,ly 111 
or dehydrated patients are given Intravenous fluid preoperatlvely 
Including Ringer's lactate and 5% dextrose in Ringer's lactate or 
saline solution. Solutrons designed for pediatric use are given to 
Infants and children. 

HEHODYNAHIC AND RESPIRATORY ASSESSMENT 

All acutely 111 patients have arterial blood gas determinations 
made dally until their status Improves at which time the frequency 
of determinations Is decreased. By knowing these values preoperattvely 
In all seriously 111 patients, wear~ able to adjust our anesthetic 
techniques accordingly. Patients who are hypoxemlc and require ven­
tllatory assistance are transported to and from the operating room with 
the administration of 100% oxygen, given by positive pressure, uti­
lizing either a Jackson Rees modlflcatloh of the Ayre's T-plece (Smith 
R, Anesthesia for Infants and Children, St. Louis, C. Hosby to·., 1968) 1 
or a Bird respirator. Once In the operating room, patients requiring 
ventllatory assistance may be ventilated manually or with an Air Shield 
anesthetic ventilator. Circulatory status Is assessed by hematocrlt, 
serum electrolytes and osmolallty, and urine output, In addition to 
direct or Indirect measurements of blood pressure. Central venous 
pressure measurements are taken on seriously 111 patients. 

PREMED I CAT I ON 

In general, no narcotics, barbiturates, or anorectics are given 
preoperatlvely to adult patients. Rather, atropine, 0.01 mg/kg, Is 
given Intravenously 10 minutes prior to induction of general anesthesia. 
Patients receiving regional anesthesia (regional nerve blocks, spinal, 
and epidural anesthesia) do receive premedlcatlon consisting of a bar• 
blturate, antlchollnerglc, and occasionally a narcotic (morphine or 
DemerolR) or anorectic (VallumR). Pediatric patients generally receive 
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a narcotic plus an antlchollnerglc agent preoperatlvely In order to 
allay anxiety and Induce a state of quiescence (Smith R, Anesthesia 
for Infants and Children, St. Louis, C. Hosby Co., 1968). 

TYPES OF ANESTHESIA 

A. GENERAL ANESTHESIA 

1. Halothane with or without nitrous oxide In oxygen 

Approximately 40% (40.3) of the anesthetics at our insti­
tution are performed with this combination of agents due to ease of 
administration, tranquil Induction and emergence, relative lack of long 
lasting cardiovascular depression, and nonfla11111ablllty. We have to 
date observed no cases of halothane hepatotoxlclty. Since the Inci­
dence of this complication Is approximately one In 10,000 patients, 
this seems to be an acceptable risk when It Is weighed against the 
great advantages of the use of this agent In the burn patient (Klatskin 
G, Klmberg DV, New Eng J Med 280:512-522, 1969).2 -rhlopental (2 to 
4.5 mg/kg) or ketamlne, Intravenously (2 mg/kg) are used in about half 
of these patients for Induction of general anesthesia with no del~ter­
lous effects obs(irved. The remainder are induced with Inhalation tech­
nique. Using this form of anesthesia, we have not observed any signifi­
cant Incidents of prolonged emergence or postoperative groggln~ss, even 
In patients who receive thlopental or ketamlne Inductions, provided that 
the last Incremental dose of the Intravenous agent was given more than 
30 minutes before the end of the case. 

2. Nitrous oxide-relaxant 

This technique Is often used In very seriously 111 patients 
for laparotomles and other major procedures (amputations, etc.) due to 
Its relat?ve lack of cardiovascular depression. Since the technique 
requires controlled respiration, the trachea Is intubated. Relaxants 
employed lnclud~ pancuronlum, d-tubocurarlne, and gallamlne, all nonde­
polarlzlng relaxants. The latter has been shown not to ra:se serum 
potassium In burn patients (Carr J, Kltchlngs OE, Garfield JH, et al, 
Unpublished data presented at annual meeting of the American Society of 
Anesthesiologists, San Francisco, Ca'ifornla, October 1969).3 Succlnyl­
chollne Is rarely used except for acu ~~ emergencies dun to Its tendency 
to cause severe rises In potassium from about :,ostburn day 15 through 
postburn day 90 (Schaner PJ, Brown RL, Kirksey TD, Gun t her tC, Ritchey 
CR, Gronert GA, Anesth Analg (Cleveland) 48:764-770, 1969). 
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3, Enflurane (~th.raneR) ~Ith nitrous oxide In oxygen 

Enflurane ts- a newly• avaUable, nonflaJ11Mble, Inhala­
tion anesthetic agent w~lch has th.e chemical structure of a halogenated 
ethyl-methyl ether. The action of th.ls agent Is very similar to halo-. 
thane In uptake, onset of action, and emergence time, tn extensive 
clinical trials prior to release, and six months of ·ctlnical usage, 
the drug has demonstrated no propensity for hepatic toxicity. The 
only adverse reaction associated with this drug not seen with other 
halogenated agents is a tendency to produce twitching or Involuntary 
motor activity associated wtth seizure activity on electroencephalo­
gram at very deep levels of anesthesia, which ts exacerbated by hypo­
capnea. This reaction fs rarely seen In clinical concentrations of 
the anesthetic as long as excessive hyperventilation ts not used. No 
sequelae have been observed from this complication after emergence 
from anesthesia. During the year 1973, 10 patients at the Institute 
of Surgical Research received enflurane with nitrous oxide for their 
anesthesia. No complications were observed, No seizure-like activity 
was seen. The agent Is an extremely weak analgesic, and probably has 
limited usefulness In the armamentarlum of the anesthetist. 

lt. Ketamlne 

Ketamlne is an intravenous 11dlssociatlve11 general anes­
thetic which has been available for clinical use for approximately 
four years. Approximately one-third (33.5%) of our anesthetics In the 
operating room are now administered with this agent. Since cardio­
vascular reflexes and tone are well preserved and a patent airway with 
good ventilation is usually maintained, even In the lateral and prone 
positions, this anesthetic has permitted numerous operations to be 
carried out without the use of an artificial airway. These factors 
plus the tremendous versatility of the agent for somatic procedures 
have slgnlflcantly Improved anesthetic management for the thermally 
Injured pat I ent. 

5, Subanesthetlc ketamlne 

We have demonstrated In a clinical study (Sloqoff S, 
Allen G~, Wessels, JV, Cheney DH, In Press, Anesth Analg [Cleveland])S 
that ketamlne In subanesthetic doses can be extremely useful for 
the relief of the pain and anxiety associated with debrtdement and 
dressing change tn the Hubbard tank. Currently, this technique Is 
being used widely at the Institute of Surgical Research. Approximately 
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100 patients received 400 administrations of Intramuscular subanes­
thetlc ketamlne for clebrfcten.nt d~rlng 1973. Its extreme usefulness 
and freedom from compllcatlons has been continuously demonstrated. 

B. REGIONAL ANESTHESIA 

Our criteria for regional anesthesia are that a candidate for 
a nerve block must not be septic, must have a normal mental status, 
and must not have burns or local Infection at or lnroedlately adjacent 
to the site of the proposed nerve block. By following these gutde­
llnes for selection of patients, we have had no compllcatlons with 
regional anesthesia and no Incidence of Infection or sepsis after nerve 
blocking was noted. 

MONITORING TECHNIQUES 

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

A. CIRCULATION 

I. Precordlal and/or esophageal stet~scope. 

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

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

4. Central venous pressure (CVP) assessment. 

S. EKG (mejor cases and seriously 111 patients). 

6. Sponge weighing; major cases. 

7, Special measurements of urine output during surgery. 

8. RESPIRATION 

1. Counting of respiratory rate. 

2. Observation of chest and rebreathlng bag. 

3. Auscultation of chest. 

~< 
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• 4. Determlnatlon of ttdal volume by Drager re~lrometer Inanes~ 
thesta ctrcult. 

5. Perlodl'c as-sessment of blood gases.- l·ntraoperatlvely· when ln'11·­
cated. 

C. TEMPERATURE 

I. Rectal or esophageal thermistor probe; routlo~ for cases 
lasting more than 45 minutes and In all children. 

It should be noted that the K·thermla heating-cooling blanket 
has proved t,o be of significant value in maintaining body temperature 
when large areas of the body are exposed. In addition, it can help to 
lower body temperature rapidly and safely when a febrile epfsode occurs 
intraoperatlvely. Ambient temperature In the operating room Is main­
tained at 71-72• F., and this has been ~~own to be of benefit In mini­
mizing heat loss. Difficulty in maintal11lng the temperature of most 
children and some adults Is still a problem and techntques and devic~s 
to overcome this are being evaluated at the present time. 

COMPLICATIONS 

Case No. I 

Significant Cardiac Arrhythmia During Anes t hesia 

This 54 year old white male was Involved In a tractor accident in 
which he sustained a fracture of the pelvis and acid burns t~ the left 
leg. He was admitted to the Institute of Surgical Research for de• 
bridement and grafting of the burn injury. His past history was rele• 
vant In that there had been episodes of cardiac arrhythmia since 1968, 
the nature of which was unknown. Prior to admission, and throughout 
his hospital stay, he was treated with lnderat,R 10 mg q,l.d., and 
dlgoxin, 0.25 mg once a day. No other syq,toms referable to the car-

.dlovascular system were e l icited. A left hernlorrhaphy in 1969 and 
right herniorrhaphy In 1972 were performed under spinal anesthesia 
without complication. On the 27th day postlnjury, he was brought to 
the operating room for excision of the burn wound, which was carried 
out under spinal anesthesia without complication. Fourteen days later, 
he was returned to the operat ing room for further debrldement, which 
was to be carried out under general anesthesia. Electrocardlographlc 
monitoring was Instituted prior to Induction, which showed no arrhythmta. 

58< 
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Blood pressure and pulse rate were within the normal range. An•~-
thesla was Induced wtth halothane and oxygen, utlllzlng spontaneous ventl­
latlon, and, approximately five minutes after Induction, multlfocal 
premature ventricular contractions developed which completely replaced 
conducted sinus rhythm. Fifty mg of lldocalne Hcl were given Intra­
venously as a bolus wtth no cllnlcal response. Since no hypotenslon oc­
curred during the arrhythmia, and the rate of contraction of the ventri­
cles was acceptable, It was decided to continue the surgery, which was 
expected to be of short duration, with careful monitoring. The arrhyth­
mia persisted during the entire anesthetic, which lasted approximately 
20 minutes, and for approximately 10 minutes after discontinuation of 
the anesthetic. At no time did hypotenslon occur, and the patient 
demonstrated no sequelae postoperatively. Two weeks later, the patient 
was brought to the operating room for grafting, which was performed 
under spinal anesthesia without compllcatlon. The patient was dis­
charged approximately two months postlnjury to his family physician. 
No further episodes of cardiac arrhyttvnla were noted during his hos-
pital stay. 

Conrnent. Cardiac arrhythmias are a not uncommon occurrence during 
anesthes I a. In th Is part lcular case,. there were no predJ spos Ing lntra­
operat Ive factors other than Induction of anesthesia for the arrhythmia. 
The patient's history was somewhat nebulous, but apparently was real, 
for cardiac arrhythmia. His ablllty to tolerate spinal anesthesia has 
been demonstrated, and the co,..,11catlon during general anesthesia was 
carefully explained to him for future reference. The mechanism of this 
con1pllcatlon Is unclear. 
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Teble 3, Techn_lques of Anesthesle, USAISR - 1973 

Technique 

Helothene 

Ethrene 

N20, 02 

ICet•lne 

icet .. lne •lone 103 

Ket .. lne with N20 23 

lerblturete 

Other 

Totel Generel Anesthetics 

Loc•I lnflltretlon, Nerve llock 

Total Local Anesthetl~• 

All Anesthet let 

Number 

152 

10 

68 

126 

10 

8 

37ft 

377 

Per Cent 

Ito. 3 

2.~ 

18.0 

33.5 

2.6 

2.2 

,,,2 

0.8 

0.8 

100 
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23. (U) To provide diagnostic support and consultation for the the :mally Injured patien 
and to Initiate treatment as Is necessary to include both peritoneal and hemodialysis. 
In addition, the renal section Is Involved In clinical research activities designed 
to Improve patient care and our understanding of renal problems In the thermally injured 
patient. The renal section actively supports the clinical and research endeavors of 
the Nephr~logy Service at Brooke Army Medical Center In an effort to Improve patient 
care to the soldier and his dependents. 

24. (U) The renal section provides consultation to the physician Involved In direct 
patient care to the thermally Injured patient. Renal function assessed by various 
techniques and therapeutic Interventions In the form of hemodialysls and peritoneal 
dialysis are available. In addition, the renal section Is Involved In several cl inlcal 
and laboratory research protocols. 

25. (U) 73 01 - 73 12 A total of 19 patients underwent hemodlalysis In the renal 
unit for a total of 70 patient treatments. The renal section supervised one of 
peritoneal dialysis during the same period. Eight patients recovered and II patients 
expired. Members of the renal section have adapted a rapid bedside clotting test for 
the use In heparinization during dialysis. In addition, the unit Is developing a 
new approach for acute hemodlalysls, this work will be presented sometime In the 
future. Work Is underway at present to produce a film showing our technique for venous 
to venous acute hemodlalysls to be shown at various medical ~eetlngs around the country. 
Several other areas of clinical Investigation are also underway. 
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ABSTRACT 

PROJECT NO. 3Al61l02B71R-OI, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: CLINICAL OPERATION, METABOLIC BRANCH, RENAL SECTION, 
FOR TREATMENT OF SOLDIERS WITH RENAL FAILURE 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78~34 

Period covered In this report: 1 July 1973 - 30 June 1974 

Investigators: Richard H. Merrill, HD, Major, MC 
Phlllp W. Rogers, HD, Major, MC 

Report~ Control Symbol HEDDH-228(RI) 

A total of 19 patients underwent hemodialysis In the Renal 
Unit for a total of 70 patient treatments during the period I 
January 1973 - II December 1973. The Renal Section supervised 
one peritoneal dialysis during the same period. Eight patients 
recovered and 11 patients expired. Members of the renal section 
ha~e adapted a raoi~ bedside clotting test for use in hepariniza­
tlon during dialysis. This work was presented at the Southeastern 
Dialysis and Transplant Association Meeting In little Rock, Arkan­
sas in August 1973 and has been published in the Journal of 
Dialysis and Transplantation. In addition, the unit Is developing 
a new approach for acute hemodialysls. Work is underway at pre­
sent to produce a film showing our technique for venous to venous 
acute hemodlalysls to be shown at various medical ·meetings around 
the country. Several other areas of cllnlcal investigation are 
also underway. 

Renal failure 
Hemodialysis 
Soldiers 
Peritoneal dial ysis 68< 
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CLINICAL OPERATION, METABOLIC BRANCH, RENAL SECTION, 
FOR TREATMENT OF SOLDIERS WITH RENAL FAILURE 

The renal section ls composed of the chief of the section, a 
Nephrologlst, r~dlcal Corps, and two enlisted technicians, Including 
an NCOJC, and ls physlcaliy located on Ward 138. The unit encom­
passes a one-bed acute dialysis unit and two hernodlalysls machines, 
one a porportlonlng unit and the other a portable system for use In 
Instances where the patient cannot be moved to the Hemodlalysls Unit. 
The primary mission of the Renal Section Is to support the operation 
of the Clinical Division of the Burn Unit, providing both consulta­
tion for patients with r·enal and metabolic problems and hemodlalysls 
In cases of renal failure. A secondary mission of the unit has been 
to support the Nephrology Service of Brooke Army Medical Center. The 
USAJSR HM10dlalysls Unit now provides backup support when necessary 
and assists In treatment of cases of acute renal failure occurring at 
Brooke Army Medical Center. The USAJSR Nephrology Staff continues to 
participate actively In the hospital Nephrology Training ProgrM. 
The chief of the Metabolic Branch directs the BAMC Nephrology Service 
and the chief of the Renal Section directly supervises the Brooke 
Army Medical Center Hemodialysls Unit. 

Several patients were dialyzed using the Seldlnger technique 
for femoral vein catheterlzatlon, In conjunction with the unlpuncture­
machlne, which allows dialysis with one venlpuncture. Dlalyzers used 
routinely include the Travenol 145, the Travenol 202, the Extracor­
poreal EX-23 and EX-P, and the Travenol UF. 64 and the Cordis-Dow 
Kidney. 

In addition to the dialysis support provided to the hospital 
and the unit, several pilot studies have been initiated. A new tech­
nique has been introduced Into the Hemodialysis Unit for controlling 
blood anticoagulation during dialysis. The results of this Innova­
tion were reported at the Southeaste~n Dialysis and Transplant Meeting 
and have been published. In addition, a videotape has been produced 
showing our technique of unlpuncture dialysis via femoral catheter 
and has been submitted as a display as well as presentation at a 
scientific meeting. Other projects underway Include measurement of 
residual blood volume In coils, evaluation of urinary sediment In 
thermally Injured patients, and use of high-dose heparin prime In 
hemodlalysls. 

PRESENTATIONS: 

Howard L. Baer, Richard H. Merrill. Bason Test. Southeastern 
Dialysis and Transplantation Meeting, Little Rock, Arkansas, 10-13 
August 1973. 69< 
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PUBLICATIONS: 

Howard L. Baer, Richard H. Merrill. Dialysis and Transplantation: 
3, No . 3, 10, Apr,Hay 1974. 
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23. (U) To evaluate the feasibility and accuracy of the Lirrulus blood coagulation 
test in the detection of endotoxin in the blood of burned soldiers. 

24. (U) Burn patients S years old and above, with 30% or greater burn area, in whom 

DA 

a c lini al suspicion of endotoxemia or septic shock exists, are admitted to t he study. 
Seven ml of heparinized blood arc drawn, the plasma is separated by centrifugat ion 
and tested for the presence of endotoxin using the Lirrulus anaebocyte ly sate react ion. 
Plasma is extracted with glaci al acetic acid then neutralized to pH ~.2 plu s or minus 
O.OS and the supernatant fluid is tested for endotoxin. Ser ial observations are 
maintain d when possible to broaden the base for interpretation of re su lt s . 

25 . (U) 73 07 - 74 06 Patient s with rl~1sible gr~negative sepsis have been shown to 
have demon s trable endotoxin in plasma in approximately 2 of cases . This degree of 
positive reaction does not make the iu ,itro detection of endotoxin a useful clinical 
test in it s present form; since he reaction can detect 0.1 monogran of endotoxin per 
ml, it docs not appear that the defect is one of sensitivity . Current efforts are 
directed toward i"1)rovcd extraction techni s , in lu sion of platelets in the plasma for 
extraction, clnd prolonged vigorous chloroform extr c tion ar c both under as sessment. 
De tecti on of endotoxin in t he liver of patients dying with cndotoxemia has been 
success fully estab li shed, and this assay will aid in validating the diagno sis of 
endotoxic sepsis and shock . This assay will b pur sued further. 
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ABSTRACT 

PROJECT NO. 'A161102871R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TlnEs DETECTION OF ENOOTOXIN IN BURNED SOLDIERS WITH SEPSIS 

US Army Institute of Surgical Rese•rch, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234 

Period cover~d in this reports 1 July 1973 - 30 June 1974 

lnvestigatorss Robert 8. Lindberg, PhD 
Virginia C. English, MA 
Arthur D. Mason, Jr., MD 
Basil A. Pruitt, Jr., MO, Colonel, MC 

Reports Control Symbol MEOOH-288(R1) 

Endotoxin (ET) can be detected in plasma by extracting plasma with 
acetic acid, neutralizing, and testing dilutions of the supernatant 
fluid with Limulus ano~!.>ocyte lysate. The reaction has been positive, 
with anounts of ET of 0.003 to 0.038 µg/ml, in approximately 30% of 
burn patients with sepsis and septicemia. A significant part of the 
population with gr~negative bacteremia fails to show ET present; 
studies are presently under way to eliminate the possibility that 
binding of ET to platelets, or failure of the current extraction 
procedure to recover protein-bound ET, may resolve this discrepancy. 
Tests of liver tissue from S2 patients dying with severe burns revealed 
ET present in anounts ranging from 0.0006 µg/gm to 1.3 µg/gm; 3S patients 
had ET at 0.004 µg/gm or greater, with a mean value of 0.124 µg/gm. 
This anount is well above that which could be accounted for by the ET 
contributed by bacteria in the liver. Seventy-eight percent of patients 
dying with severe burns had ET in the liver; the inference that endotoxemia 
is a major factor in fatal sepsis is reinfor ed by this finding. 

Endotoxin 
Sepsis 
Assay 
Humans 

72< 
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DETECTION OF ENDOTOXIN IN BURNED SOLDIERS 
WITH SEPSIS 

Wi th the advent of a relatively sill1)1e laboratory procedure for 
detecting J.Q. vitro the presence of endotoxin in body fluids and tissue,, 
a marked increase in interest in endotoxemia and the phenomenon of 
"endotoxic shock" occurred. The original conm.mication of ~evin 
(Levin J, Ban~ FB. Bull. Johns Hopkins Hosp. 115:265, 1964) , regarding 
the Li1T1Jlus anoebocyte lysate gelatin rear. tion with endotoxin led to 
studies which ultimately permitted the quanti tation of the reaction b}' 
Reinhold (Reinhold RB, Fine J. Proc Soc Exper Biol Med 132:599, 1969)•·• 
His pH adjustment technic for releasing protein-bound endotoxin in 
plasma and tissue has been used to study burn patients with and without 
bact~remia, and with varying degrees of tissue invasion. The results 
in this and in other laboratories undertaking similar studies have been 
equivocal. Obviously, a direct, positive correlation between bacteremia 
and a positive lysate test, to connote endotoxemia, would be useful and 
enlightening. What has actually happened is that in a significant 
nlMl'lber of cases, gran-negative bacteremia results in endotoxemia as 
evinced by the lysate reaction, but in a larger proportion of cases, 
endotoxin is not demonstrable. This phenomenon may be literally correct, 
or it may reflect failure to detect endotoxin due to unidentified 
technical reasons. This report is a progress note on application of 
this reaction to Sal1)1es from severely burned patients in 1973. 

METHODS 

The technic of Reinhold and Fine (2), as described in a previous 
report (Lindberg RB, English VC 1 Pruitt ~A, Jr., Mason AD, Jr. USA 
Inst Surg Res Ann. Rpt. FY 1973, Sec. 6) was used. Since no differences 
could be demonstrated in plasmas chilled and those held at room temperature, 
the sa11>les were cooled until pro essed. Plasma was separated at 
1500 rpm. Recent questions regarding the possible sequestration of 
endotoxin in platelets led to tests of platelet-rich and platelet-poor 
plasma. This variable is still under study. Adjustme~t of the plasma­
extract to pH 6.25 to 6.30 with a micro-electrode system was carried 
out in some series to evaluate possible sequestration of the endotoxin 
at varying pH. 

The Li1T1Jlus lysate used was from the stock collected in 1971 by 
Lindberg and Inge (Lindberg RB, Inge WW, Pruitt BA, Jr., Mason AD, Jr. 
USA Inst Surg Res Ann. Rpt. FY 1972, Sec. 55) • This material, 
representing over 20 pooled collections separately titrated and stored, 
has been held since April 1972 at -70°C; each lot is titrated when thawed, 
prior to use. The experience of this laboratory will add to the body of 
knowledge regarding the retrievability of this material. Stability 
after thawing has been variable, and the lysate is thawed only one vial 
at a time, to minimize differences in ucces sive tubes. 

73< 
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Negative results have, in some instances, been obtained with undiluted 
plasma or tissue extracts, when the sane extracts, diluted, gave positive 
reactions for endotoxin. The nature of this inhibitory factor is not 
known, but since whole strength extract alone might fail to reveal the 
presence of endotoxin, the routine test has been modified include 
testing dilutions of the extract. In most instances, this procedure 
becomes the quantitative test; dilutions up to 1164 or 111 8 are tested. 
The inhibition occurring in undiluted lysate has in most i nstances been 
seen only with relatively high concentrations of endotoxir in blood or 
tissue. 

RESULTS 

Os,nonstration of Endotoxin in Patients with Bacteremi1 or Clinic1I 
Sepsis. Although endotoxin can be detected in fractions of monograns 
by the anoebocyte lysate gel reaction, efforts to detect endotoxin in 
the plasma of patients who were recognized as septic or with positive 
blood cultures have not been as effective as the delicacy of the reaction 
with endotoxin would lead one to expect. This may not be an actual 
discrepancy, since it is only a presOOl)tion that "endotoxic shock" 
always denotes the presence of circulating endotoxin. In any event, 
the results of tests on 2S patients in 1973, as sumnarized in Table 1, 
show demonstrable endotoxin in the plasma of 7 patients out of 20 who 
had positive blood cultures plus on~ who, although regarded as septic, 
did not yield a positive blood culture. The four patients listed as 
"sepsi s un'"'c-"'lclusive" gave negative reactions, but since the subsequent 
course of t~ese patients did not validate the initial presOOl)tion of 
sepsis, their inclusion in the total tested is equivocal. With their 
exclusion, 7 out of 21, or 33% of septicemic or septic patients had 
endotoxin in the blood strean. This rate of positive reactors anong 
patients with gran-negative septicemia was slightly higher than that 
found with a COfll)arable group of patients in 1972, when the positive 
reactor rate was 28°~. 

The amount of endotoxin detected in blood of patients with endotoxemia 
and the consistency of the reaction are show, in Table 2. Although in 
our system the occurrence of a gram-nega ive bacteremia did not of 
itself assure a positive endotoxin reaction. This group of six pat i ents 
with bacteremi II each had at 1 east one organi sm of the Enterobacteri ,ceas 
recovered from blood. The two patients with Staphylocorcus aureus .-ecovered 
each had coliform organi ms reco ered as well. Th correlation of gran­
negative bactcrerni a \':i th endotoxcmi a was cOfTl)lete. 

The amounts of endotoxi n recovered were relatively high. With lS 
sa11)1e, of plasma positive for endoto in, the mean le el was 0.025 µg/ml. 
The sensi ivity threshold of the react i ng system was less than O.OOlµg/ml, 
but for the sake of illustration, presuming that a valid positive reac ion 
could be obtained with O.O 1 µg/ml, then the mean leve l of endotoxin percent 
was at least 2S times the hr shold d te t ion 1 1. Two pa ienti:. had 
more than 0.038 µg/ml of en c to in, bu h t twas not al i brated to 
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Tabl 2. P \tent.a v i. th Po1 1. tive Pl ... Lh1ulu1 {Jaata Reaction111 
Correlation vith Ba ·tere.Ia 

Patient No. Blood Culture Li.ilua {JNte l!ndotoxin 
Reaulta leaction acg/al. 

17 Klebaiell Candida Positive (S) 0. 0)8 
0.OOJ 
0.012 
0.012 
0.012 

48 S.aureuaJ Lcoli; Positive (2) 0.0)8 or> 
Pa. eniginoaa 0.01) 

22 L coli Poa tin (2) 0.0)8 
0.028 

ss Necathe Poaitive (2) o.01 ~ 
0.01 

2 L coli Positive (1) 0.0J8 o.· 

J ll'lt. hafniaeJ S,aur9Ua; Positive (2) 0. 01 
L coli ; Prov. atuart11; 0. 0)8 
Pa. aenacino .. 

24 Klebai l la pneuaoniae Po• t ve (1) 0.01 
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detect more than this anount per ml. 

There were 18 patients, 14 of whc...n had positive blood cultures, in 
whom gr~negative sepsis was presllned to be a clinical possibility. 
None of these patients exhibited endotoxin in the blood strean. The 
results of these tests are sl.lffllarized in Table 3. 

Four of these patients had negative blood cultures; there was no 
basis except clinical iff1)ression for considering them in the category of 
endotoxic shock. Three morf! yielded only Staph aureus in blood culture. 
Gran positive cocci o not contain endotoxin, nor does staphylococcal 
bacteremi a proq,t app arance of endotoxin in the blood strean. The 
remaining 10 patients had at least one episode of gran-negative bacteremia, 
although in three of these the org.-.ism was f.1 aeruginosa. While endotoxin 
can be recovered from pseudomonads. this genus is not as potent a source 
of endotoxin as are the EnterobM:teriaceae. When gran-negative bacteremias 
are coq,ared, there were six pat"ents with gran-negative bacteremia .-.d 
no endotoxin demonstrated. Thus approximately 38% of patients with gran­
negative bacteremia were positive for endotoxin by the anoebocyte lysate 
test. 

Endotoxin in liver sales of Burn Patient:; at Autopsy. It has been 
reported that circulating endotoxin is rapidly removed from the blood 
and sequestered i" the liver, where its subsequl'llt destruction is effected 
macrophage t~on. In view of the considerable m.1nber of patients in 
whom no circulating e~dotoxin was demonstrable, despite the presence of 
clinical sepsis and gran-negative bacteremia, a study of s-.,les of liver 
collected at autopsy was made. One gran s...,les were homogenized in 
pyrogen-free Ten Broeck grinders, the homogenate taken up in pyrogen-frce 
distilled water, gently centrifuged, .-.d the supernate extracted in the 
sane manner that was used for plasma. There were S2 patients whose livers 
were thus assayed at autopsy. Of these, 41 (78%) exhibited endotoxin. 
A s1.11111ary nf anternortem results as related to liver endotoxin assay is 
given in Table 4. 

A bacter}al count wa made on each s~l e. The mean bacterial 1 evel 
was 3.0 X 10 • Thus an average of 3000 bacteria was present when the 
tissue was extracted. This number may ~ermit a positive endotoxin 
reaction when the organisms belong to the Enterob1cted tcete, but the 
reaction would be minimal. It would usually indicate 0.001 µg/ml or less. 
As will be shown below, all but one reacting s_,.,le had ¥1 endotoxin level 
well above this level. 

Two of the positive liver silll)les yi lded only gran-positive cocci, 
and two more were sterile on culture. This left 37 in which gran-negati e 
bacteria were recov red, either alone or in mixture with gran-positive co,: i. "° t of the autopsied p tients had not had plasma '!f'ldotoxin 1 vel s assayed, 
but eiqht had been so test d. Out of these, three pati nts had si ti e 
rea t' •J !)hsmaa five were negative. There was no differen e in th 
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Table ). Patient• vith .. ,atiH Plu• Liaalua ~aat• 11 .. ction 1 

Clinicall,y Poaaibl Sepai• 

Blood culture 

s. aureua 

a. aureuaJ I. coli 

att. cloac · • J =and.id •P•. 

St-.,h.epidenlidi• ; Int. clo c e 

llebaiella pn911a0nia• 

Gandida •PJ Pa aenacinoaa; 
Co17Mbacter.:ua ap. 

Pa • .. nc1noaa 

Staph. allNllaJ s. epidenlidia; 
PrO'le at.uartli J Pa.Hn&&inoaa 

Candi~ ap. J Prov. awartii 

Staph. aw-eu11J Prov.atu,rtii; 
Pa.Hnacinoaa · Str non-h 

Total p ti nta: 

Staph on 
Orui-nes tiv c l on).J 
Staph plua 0r .. -n atlve bac 111 
Ora•-ne 1th b 111 • Candi 1p. 

1'I\ toxin 

JleCath 

lie tin 

!leptiYe 

Negativa 

ative 

iv• 

N , t.ive 

II t.i H 

Uve 

ativ• 

.... y 

No. of Patients 

4 

3 

2 

18 

4 
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Table 4 

s11•vrv 0, pepr TS r ~ "' 'M Al'I Al lT('P Y Lt flt 

spr~Tl'\F'NS VTF'L",. ET'~ A lr [Nl'OTrXIN 

Cr• Po1ftfv•1 2 
.,,.,., Nf,g•tlvea 19 

• H~"DT<""' PL•s..A l f~ll\.llS 
L~•Tr ·~•CT•rttSa 

Cram Posltl e ~ Negetlvea 18 
N~getfvea 2 

l\l!Tr C" f I tr ,. C11l TUltF 
"rA ~TJ liSa 

Po1I the a 

•••ctor1 a 

______,I'( 
,--~- - - - - -• -c 

l!C Nol '!nr-e I 

) 

(I 

(I 

II( Po1ftl ea 5 

-c N•g•tlvea ti 

:-c ot Done 1 0 

'" Posl tlvea 21 
Pl•,,.• Lf,..ulu1 
test not done 1 ) !IC '•g•t Ive a 6 

l'C Not Done 1 6 
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antemortern blood culture results. All eight patients had positive blood 
cultures. Among the 33 patients with livers positive for endotoxin in 
whom no anternortem test was done on pl~sma, 21 had bacterernia, six had 
no positive blood culture and six had no blood cultures drawn. In 
patients on whom anternortem plasma levels of endotoxin were not available, 
one can conclude that the sequestration of endotoxin occurred whether or 
not blood cultures were positive. The presence of bacteremia was not a 
prerequisite for appearance of endotoxin in the liver, but by its nature, 
sepsis is most often associated with bacterernia. The proportion of non­
bactererni c reactors wi 1'1 al ways be smal 1. 

The anount of endotoxin which can be recovered from liver is a 
critical factor in assigning significance to its presence in that organ. 
Obviously if the cfOOUnt reflected only the bacteria pre~ent in the liver, 
it would have no provable significance in relation to endotoxernia as 
a factor in sepsis. If, however, the anount is much greater th~n could 
be accounted for by the number of bacteria in the liver at autopsy, then 
the presence of endotoxin is more plausibly related to potential ante­
mortem endotoxernia. 

The anounts of endotoxin and the number of times a given anount 
appeared are surrmarized in Tables. Out of 41 liver Safll>les, two were 
suspect as being contaminated with feces. Of the remaining 39, thirty­
five had levels from 0.004 µg/ml to ·l.3 µg/ml. We have not been able 
to obtain positive Limulus lysate reactions with fewer t han 1000 organisms 
per ml. At that conce:itration, the quantitative reading was at the 
lower limit of detectability, or 0.0006 µg/ml. A quanitity of endotoxin 
which gave a value of o.ooj µg/ml would represent 3 to 4 times the estimated 
anount recoverable from 10 grc111-negative bacteria per ml (or gram). 
Thus, even if the 0.002 µg/ml levels were considered to be directly due 
to the bacteria present, a level of 0.004 µg/ml would be six and two-
thirds times more than could be ascribed to the bacterial present in 
the liver sall)le. Thus JS out o~ the 41 patients with positive endotoxin 
reactions exhibited significant amounts of endotoxin in the liver. 

The source of thi s endotoxin in the liver can only be speculative 
at this point, but since most if not all of the patients were septic 
for varying periods of time prior to death, the liver plausibly represents 
a major sit~ for removal of circulating endotoxin from the blood and 
its ultimate degradation and elimination. Three out of eight patients 
on whom antemortern tests for presence of endotoxin were conducted had 
positive tests for endotoxin in the plasma, with a mean level of 0.02 µg/ml. 
This positive reaction rate of 37% is consistent with the accumulating 
data which shows that about one-third of patients with gran-negative 
bacteremia have demonstr ,:ible endoto.1dn in the blood. This value is 
obviously related to the technics with whi ch he plasma is extracted 
and with the criteria of a positive reaction. 

There were 11 patients in whose livers no endotoxin w~s found. 
The average bacterial count for these livers was 3.S X 10 , in contrast 

80< 
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Table S 

mcg o.oos o.o 
Number of react i rig - - - - - - - - - - - - - - - - - -

specimenss 1 3 1 S 9 

mcg ET/9ffl Tissue: 0.02 O.C'l'4 0.08 0.32 0.64 

--.Ulllher of-r~actf ng - - - - - - - - - - - - - - - - - -
specimens: 6 3 4 3 3 

mcg ET /gm Tissues 1.3 2. S61', 20.4W: 

-Number or-reactTng - ------------ - - - - -
specimens s 1 1 1 

*Appearance and odor consistent with f~cal material • 
possible bowel content contaminant 
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to a mean level of 3 X o3 for t he 41 patients in whose livers endotoxin 
was demonstrated. Tab~e 6 sunrnarizes the data from patients with negative 
endotoxin tests on liver saJ11>les. There were none in which pure cultures 
of gr;r.,-positive organisms were found. Six had only coliform bacteria, 
four more y;~,Jed gril!l-positive cocci (Staph aureus or epidermides) and 
grilll-1~egc1tive bacilli, and one liver contained no recoverable bacteria. 
Only one of these patients had had an anternortem plasma assay for endo­
toxin. Among the 10 with no antemortern observations, two had had positive 
blood cultures; in 5, no blood cultures were recorded. 

It appears that 1 i ver SaJ11> le s w-~ do not yi e 1 d endotoxi n on 
extraction. The bacterial content of these scll1)1es was not signifi cantly 
lower than that of the saJ11)1es from which positive reactions were 
obtained. The antemortem history of these patients, however, suggests 
that they had had a course less likely to be regarded as indicating sepsis. 
Five of them had not had blood cultures drawn; four out of the six on 
whom blood cultures were taken had no growth reported. More detailed 
scrutiny of the record of these patients is merited, to detect differences 
in the course of events between thesP. patients and those in whom endotoxin 
was found post-mortem. 

Integrity of the Limulus lvsate stock. Inherent in studies using the 
Limulus anoebocyte lysate gelation test is an unde standing of the status 
of the lysate itself. Is it unal t ered in its reactivity, so that successive 
tests will be COfl1)arable and so that assays can be relied upon to yield 
meaningful quanititative data? When the lysate was collected by Lindberg, 
et al in 1971 (Lindberg RB, Inge WW, Pruitt BA, Jr., Mason AD, Jr. 
USA Inst Surg Res Ann. Rpt. FY 1972, Sec. 55)4, it was stored at 4°c, 
in line with reconrnendations by such experienced workers as Levin and 
Finer Throughout 1972, this material showed no overt signs of deterioration 
in reactivity uith endotoxin, but the risk of ultimate contanination of 
of the storage vials (from fungi growing up through the threaded mouth 
of the vial) led to a chang e to storage at -70°c. Several lots of 
lysate were COfl1)ared in b ha ior be tween the reactions occurring with 
the unfrozen and the frozen and thawed lysate. Table 7 shows these 
c0fl1) ar i sons. 

Successive a11>les from five different lots are c0f'l1)ared. Lot V-1, 
held at 4°c, showed identical reactions in two successive sif'l1)1es. 
Lot V-2a Nr.2 exh i bited a slight but definite decrease in reactivity 
during the period from April through August, when the scfll)les were 
stored at 4°c. This reaction, although it left an effective lysate, 
added urgency to the change to storage at -70°c. Lot X-1 was COfl1)ared 
in four scl'fl)les, two of which were h,?ld at 4°c, while two were frozen 
at -7o0 c. The potency of reaction was identical in all of these s~les. 
Lot X-2a Nr.1 inc luded one saJ11)1 e held at 4°c, and two at -70°c. The 
latter scl'fl)les showed a higher level of reactivity than the sc111>les 
stored at 4°c. Lot W-1, with saJ11)1e s at 4°c and -70°c COfT1)ared, was 
iden t ical in each s~le. 82< 
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Table 6 

SllltVf.Y OF' P~TTl'a!TS. F'R!'t'4 'MOM AUTOPSY l TVER SP~CTl'EifS 
Yl~L"~~ ""~ OET~rTA-lE EN"!'tTCXJN 

r.r-.n Positive1 None 
Cram 11eq1tive1 6 

A~'HMC\P HM PLASMA l '"'''LUS 
LYSATE P~ACTJONS1 

Re1ctors 1 

1; r1m Positive ,. "'leg1tive1 4 
"'leg1tive1 I 

ANTEM01HE~ Pl CCO CUL TUPE 
RrA r.T J(')NS: 

0 

0 

>BC Not Done: 0 

~-, 
1-11c 

Positive 1 

Neg1tive1 

~•ot Done 

0 

Pl111111 lilT'ulus 
tf'st not dor,e 1 10 
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~C Positive1 2 
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T.t>le 7 

Tt• E !~TF'.:P'TY (IF l 'Mlll\ lS l YSATF STOCI( 

Oeg,-ee of r'HCtion 1t ET concentr1t!on in mcg: 
lyute Month .n, .O 'l S .0025 .0012s • 0006 .OOOJ • 0001 S 

v-' 1, Jin. 4 4 J 2 2 ' Feb. 4 4 J 2 2 I 

V-?aH2 1': Apr. 4 .. .. .. J 2 
~y .. 4 .. 3 J 2 
Aug. 4 .. J J 2 I 

X-1 Feb. * .. .. .. 4 J "l 
1~1,.. * .. .. 4 4 J 2 
Sept 1':1, 4 .. .. 4 J 2 
Dec. ,·,-1: 4 .. i. .. l 2 

lC -:>1M I M1y f, J l J l 2 2 
Sept ,·,,~ 4 4 l 2 ' 0 
0 ec. 1'•"''' 4 4 4 4 l 2 

W-1 Apr. ,·, 4 4 .. J 2 1 
Aug t,n 4 4 4 J 2 ' 

LT,"ltl 
0 * Stor•d In refrlg•,.1tor 1t 4 C.

0 ,·.-,·,s to,-ed 1t • 70 C. (. th1wed befo,-e use. 

• 
0 

I 
I 
0 

I 
I 
I 
I 

0 
0 
I 

0 
0 

0 = Mo ,-e1etlon = Positive t-ut weak, unstlble clot 
2 z slfghtly mor'e st1ble c l ot thin 1+ 
J = Tight clot, but slightly dls,-upted on tipping tube 
It = F't"" c I ot f or111s In <I nouq does not disrupt on 

tipping tube. 

All lyutes 1111yed by using E. coll 0111184 llpopoly­
s1cch1rlde (Dtfco) 1s endoto•ln source 
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The conclusion that storage at -70°C is a valid and indeed a preferred 
method for storing anoebocyte lysate was 5ubstantiated. Subsequent 
experience indicates without exception that the deep-freeze environment 
is, and will henceforth be, the preferred storage condition. 

DISCUSSION 

The concept of endotoxcrni a as an es sen ti al corrponent in "endotoxi c 
shock" was the basis for extensive trials of the L irrulus arnoebocyte 
lysate reaction on plasma of patients with grcfll-negative sepsis and 
bacteremia, either gran-negative or gran-positive in origin. The lack 
of positive reactions in the plasma of patients ~ th Staphylococcal 
bacteremia affirms the concept that gran-positive infections do not 
give rise to endotoxemia. In this study, the pH adjustment technic 
of Reinhold (2) was used to extract endotoxin from plasma. With this 
procedure, only about one-t:-drd of the patients with gran-negative 
bacteremia yielded positive, ~actions for endotoxin in plasma. It is 
possible that other extractio1• technics, including prolonged shaking 
with chloroform, may uncover positive reactors not revealed by the 
procedure which was used, and this possibility is being explored~ Das, 
et al (Das J, Schwartz AA, Falkman J. Surgery 74:235-240, 1973) 
suggested that separation of plasma with special precautions to collect 
the platelet-rich fraction would uncover more endotoxin than would be 
found in platelet-poor plasma. This too is to bt explored. However, 
repeated sall)les under a variety of conditions still yield about a 
third of patients with positive endotoxin reactions in plasma. It is 
distinctly possible that this situation is real and reflects a situation 
in the septic patient in which only part of those patients with gran­
negative bacteremia exhibit endotoxin in the plasma. It is i"1)1icit in 
this concept that rapid clearing of endotoxin from the blood may occur 
even in the very ill patient. 

, 
It was in view of these findings that observation of liver tissue 

from patients dying with severe burn injury was made. The number of 
patients with endotoxin demonstrable in liver was strikingly different 
from that observed with plasma. Seventy-eight percent of patients 
autopsied exhibited endotoxin in the liver, and the mean value of 
0.124 µg/gm was far above the anount that could have been accounted 
for by the bacterial content of the liver Sall)les. In the 22% of patients 
who did not give a positive reaction the bacterial content of liver 
sat1)1es was only slightly below that found anong reactors. Only one­
third of these patients when cultured had bacteremia, and their history 
did not typically refl~ct a probable gr.m-negative sepsis. 

It was apparent that, in ter is of con-elation with a hi story of sepsis, 
the I iver endotoxin content was tar more meaningful than antemortem 
plasma containing endotoxin. The demonstration of endotoxin must be 
correlated in detail with the clinical and autopsy data. It appears 
at this point that this approach offer~ an added criterion for asses sing 
cause of death. Presence of substantial clTlOUnts of cndotoxin in the 
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liver may add significlf'lce to a clinical observation of iWltemortem 
shock, lf'ld its absence may be associated with the absence of shock. 
These correlations have not yet been made, but are projected. 
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23. (U) On-going monitoring of new antibiotics a,d of established a,tibioti~s is 
essential if the problem of sepsis in severely tr.-atized patients is to be effectivel 
controlled. The constant change of dolllina,t nosocOMial flora a,d emergence of resist,nt 
s train s requires a continuing re-deter• ination of opti•al ,ntibiotic on the basl of 
i.!l vitro testing. 

24. (U) Tube-dilution determination of • ini-..n exhibiting concentration (MICJ is used 
on appropriate isolates . E""hui s is pl aced on .strains causing sepsis. 

25. (U) 73 07 - 74 06 Totally resist,nt strains of Providencia stuartii wc, ·e 
recognized again s t all established ,ntibiotics appropriate for gram-negative baci ll i 
A new aninoglycoside, designated 88-K8, showed promise in treatment of Providencia 
inf~ctions; 52.6% of strains assessed were inhibited by 12.S~g or less per ml . 
Pseudomonas aeruginos1 isolates were more sensitive th in 1972; over 80% of strai ns 
responded to colistin, Gentani ci n or C•rbcn ic illin. A new penicillin derivative, 
BRL-2285, was found to show promising activity again st Pseudomonas aeruginos a, and was 
more potent th.w, c..-benicillin. Staphylococcus aureus type 84 remained predominant 
but a mark d reversal of sens itivity occurred; methicillin-sensiti ity was , for the 
f i r st time i n S year s , increased from a low of 18% in 1972 to 7CYX, of strains tc t ed in 
1973. Hinocin and Clindanycin were both active against a signific,nt proportion of 
Staphy lococcus st rain s. 
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ABSTRACT 
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Harvey O . D . Smith, Jr , SP6 
Edward C. Plowey, SPS 
Larry B . Hensley. SP4 
Daniel T . Zamora, SP6 

Reports Control Symbol MEDDH- 188(R1) 

A major change in antibiotic sensitivity of major pathogenic species of 
bacteria in the burn wards occurred during 1973 . Most conspicuous was the 
almost tota' disappearance of methici II in- resistant, and cross- resistant strains 
of Staphylococcus aureus, which was replac~d by a series of strains relatively 
sensitive to antibiotic . Phage type did not change during this shift. Pseudomonas 
aeruginosa was primarily sensitive to gentamycin, colymycin and carbenicillin; 
with each of these, a shift toward increased sensitivity occurred. Minocin, 
tested for the first time, was effective against one- third of the strains. Kleb­
siella pneumoniae was most susceptible to kantrex, minocin, keflin, anr­
gentamycin; sensitivity to colymycin decreased. No change in the totally 
refractory behavior of Providencia stuartii appeared; thus for the past three 
years there has been no antil,iotic to use in sepsis due to this species. An 
experimental antibiotic, BB-KB (an aminoglycosid ) inhibited half Jf Providencia 
strains tested; this was the first indication of a drug that could reach this re­
fractory species . Both BB-KB and BRl- 2288 (a semi - synthetic penicillin) were 
highly active against Ps aeruginosa . Despite in vitro effectiveness, clinical 
response of infection treated with these antibiotics was frequently less than 
encouraging. 

Burn wound flora Providencia Antibiotic sensitivity 

Pseudomonas Humans 
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ANTIBIOTIC SENSITIVITY OF CURRENT Ml LIT \RY 
BURN PATIENT FLORA 

Antibiotic sensitivity of microbial strains recovered from burn patient 
summarized on an annual basis, serves as a us ful procedure ford t cling 
changes in the burn wound flora. These occur as a result of long term shifts 
i11 colonizing and invading strains; as applied in this Institute, th data 
offor a perspective on the complex shifting of nosocomial hospital flora in this 
extremely susceptible patient group. The species of major importance include 
staphylococci, members of the Enterobacteriaceae and Pseudomona aeru ino a. 
Emergence of resistant flora, which occur with distressing frequency, is 
best detected by periodic summation of behavior of strains recovered from 
patients with sepsis or othfr significant invasive Involvement (Finland M . 
Ann Int Med 76 : 1009, 1972 ) . Su~ samplings ensure that the antibiotic 
spectrum observed does Indeed involve not only the important sped s but 
those strains of presumably greatest pathogenicity. Mechanisms of acquisi ­
tion of antimicrobial resistance have been elaborated in the r cent past, but 
this information does not aid significantly in preventing or controlling the 
emergence of resistant strains. Precise current information on antibiotic 
resistance remains essential for use of effective antibiotic therapy. 

Techni s and Source of Strains . Procedures for preparing antibiotic 
stock solutions were described in the Annual Research Progr-?ss Report, 
Section 7 

2 
1973 (Lindberg RB, et al. USA Institute Surg Res A n Re Rpt FY 

73, Sec 7 ) . A tube dilution technic for determining Minimum Inhibitory 
Concentration (MIC) has been used in a standardized p ~ocedure, to make 
annual increments of information comparable with ear lier accretions. Dilutions 
of antibiotic in distilled water were prepared in concentrations from SO ug/ml 
down to 1. S ug/ml, so that the addition of an equal vol um of double strength 
nutrient broth would result in a S!o/1dard_'lutrient environment. lnoculum was 
a 4 to 6 hour culture di luted to 10 o~ 10 in double strength broih to give a 
concentra ion of approxima4eIy 2 x 10 organisms per ml . The final inoculum 
strength sought was 1 x 10 ; naturally there was an unavoidable varil ion from 
this ideal concentration in successive tests . Minimum Lethal Concentration 
(MLC) was determined by plating out tubes showing negative end points at the 
18 hour reading interval . 

Sources of strains tested and tt e proportion of each speci s recovered from 
blood, sputum, wound or other sources are set down in Table 1. Ther were 
322 strains tested. The largest proportion w -. r from blood cultures. As has 
long been the case, sepsis was a major factor in morbidity and mortality in burn 
patients . Among gram negative bacilli, Provid ncia stuartii strains wer the 
species most often recovered from blood culture . The other two sp cie of 
greatest num rical import w r Sta h lococcus aureus and Ps aeru ino a . A 
relatively large number of pseudomonads test d were coll ctd rom the r -
piratory tract. Staphylococci, asid from blood str am isolate , wer m r 
oft n involved in wound inf ction than w r oth r sp ci s. Kl bsi Ila 

n umonia , v r ubiquitou in burn pati nt , w th f urth m t imp rt nt 
pccies num rically . 
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lively high proportion of train t led w r re­
Th rem ining species te t d wer r cov red in m II 

th y w r r cov r d from th blood , th imputati n r 

A standard ball ry of 

i nee experi nc 

The antibiotics t u ed fort s ting gr mp itiv 
isms during 1973 are shown in Table 2. Other ntibiotic • e . . • P nicillin G, 
are used in pecific circum lane a indicat d, but re not in lud d in the 
study since th ir u e w s limited . 

S nsitivity of rgani m t st d i pr s nt d 
in terms of cumulative n itivity; each increment of antibiotic uppr s s II 
strain inhibited by les than that amount. Although th complet ntibiogr m 
for ach species is sho n . it ha _ !:;o be n expedi nt to a sign an arbitrary 
irhibitory lev I below whi h organism will b regard d as nsitive . F r 
gram positiv cocci. organism. u ceptibl to 6 . 25 ug/ml or I ar re arded 
a s nsitive; bov that I vel, they are r isl nt. For gram neg ti e 
bacilli, the upp r limit is 12 . 5 ug/ml (Finland M . Ann Int Med 76 : 1009, 

a 
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Table 2. Antibiotics Usec In Routine Testing 
of Microorganism , l~R. 1974 

Antibiotic Gram Positive 
cocci 

Nafci llin (uni pen) X 

Oxaci II in ( pros taph II n) X 

~ ethicillin (staphci llin l X 

Lincocin (lincomycin) X 

Clindamycin X 

Minocln X 

Gentdmycin (garamycin) X 

Keflin (cephalathin) X 

Kantrex (kanamycin) 

Ampic1:! i n 

Colymycin (colistimethate sulfate) 

Carbenicllrn (geopen) * 

* Tested only r19ainst Pseudcmonas aeruginosa 

92< 

Gram Negative 
bacilli 

X 

X 

X 

X 

X 

X 

X 
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The results of tests on this population of staphylococci were in striking 
a>ntrast to those seen in 1972, .when the culmination of years of increasing 
antibiotic resistance In this species was recorded. In that year, 50 out of 117 
strains were completely cross resistant to all antibiotics tested. This progres­
sion of ir,creaslng resistance over a four year period, with an abrupt reversal 
of th~s trend In 1973, Is summarized in Table LI. The increase in methicillin­
reslstance, which started in 1969, reached its peak in 1972. Lincocin, genta­
mydn and keflin had all lost effectiveness until 1973 when the staphylococcus 
population reversed its susceptibility patterns. 

Susceptibility at the 6. 25 ug/ml level is presented annually since 1967. 
Antibiotics added to routine testing during that time wegentamycin ( 1969), 
keflin (1971) and minocin and clindamycin (1973). Tetracycline and kanamycin 
which fell steadily to a negligible level of effectiveness were dropped in 1972. 
The rise in sensitivity in 1973 occurred with all ant1biotic.s, although it was of 
especial interest with regard ll) the penici II in-derived antibiotics. Lincocin, o 
which resistance had increase ' steadily since 1968, was again effective in 1973, 
against 411% of strains tested . <.,entamycin also rose in adequacy to a level which 
had not been seen since routine testing of the drug was begun in 1969. The 
1972 projection of minocin as a promising antibiotic has been affirmed as far as 
in vitro effectiveness is concerned. · 

Despite the increased activity of antibiotics in vitro, there remained a 
significant clinical problem of staphylococcal sepsis in the burned population. 
Seven out of 10 staphylococcus strains tested were recovered from the blood 
stream. Blood stream isolates did not differ from other strains in their over­
all susceptibi lily to antibiotics. 

The chronologic sequence in which sensitivity to antibiotic increased in 
the Staph aureus population was assessed by breaking down the population 
tested to bimonthly Increments. Table 5 shows the result of this closer scru­
tiny. At the beginning of 1973, previously used antibiotics were all low in 
effectiveness. The methici llin group of antibiotics rose strikingly in activity 
after May, 1973. This was also the case with gentamycin and lincocin. •Sensi­
tivity to keflin showed a striking rise at an even earlier time. ·Mnocin and 
clindamycin, both new antibiotics, reflected the same pattern of increase as 
1973 progressed. The change appeared to be a fundamentally different level 
resistance in the whole population, ev{;n though antibiotics were in use during 
this period of change . 

Staph Epidermidis. The incidence of coagulase- negative non-pigmented 
staphylococci in burn patient!; increased in 1973; 20 strains were tested, of 
which 17 were recovered from blood culture. Table 6 presents the sensitivity 
of these isolants . The trains were heterogeneous in their antibiogram pattern; 
half to three-fourths of the isolates were sensitive to the methici llin group of 
antibiotics and to lincocin. All but one were sensitive to minocin, with keflin 
the next most effective antibiotic, and 3 out of LI were inhibited by gentamycin. 

Pseudomonas aeruginosa . Despite continued successful suppression of 
pseudomonas burn wound sepsis by topical Sulfamylon, this species con ·nues 
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co play a prominent role In the cause of sepsis in severely bur:ned patients. 
Blood stream isolates accounted for 62. 7% of strains tested with another 23% 
recovered from sputum. The spectrum of sensitivity exhibited by 51 strains 
Is shown in Table 7. Of the seven antibiotics tested against these, three were 
virtually ineffective. Colistin, gentamycin and carbenicillin were effective 
agents against this pseudomonas population. Although colistin and gentamycin 
were equally effective at the 12 . 5 ug/ml level, gentamycin was more effective 
in lower concentrations; at the 3. 12 ug/ml level, twice as many strains were 
inhibited by gentamycin, as were inhibited by colistin . The significant level 
of carbenici llin inhibition was, of course, higher, but more than half of the 
strains were i1~hibited at 78 ug/ml and four-fifths of them at 156 ug/ml. Colistin, 
the aminoglycosides and carbenici llin were sti II the most promising drugs for 
treatment of pseudomonas infections. 

The pattern of antibiotic sensitivity of ps aeruginosa over the past five 
years is shown in Table 8. Tetracycline was dropped in 1970; since it had 
become minimally effective. In its place, minocin has shown a promising 
level of effectiveness, with 31% of the strains inhibited at 12. 5 ug/ml. Both 
colistin and gentamycin were effective agains t Ps aeruginosa at levels showing 
little change from 1969 through 1972. In 1973 an increase of 16% in strains 
sensitive to colistin occurred, while 18% more strains were sensitive to genta­
mycln. It is noteworthy that over a five year period, no consistent emergence 
of resistant forms occurred with these two antibiotics. This is contrary to the 
widespread assumption that continued use of a given antibiotic will result in 
increase In the proportion of resi!;tant strains encountered. This, of course, 
appears to have been the case with tetracycline, kantrex and keflin over the 
past six years. Carbenicillin, It was assumed, would incite emergence of a 
constantly rising number of resistant variants, but this has not been the case. 
The initial experience showed a drop from one-half down to one-third of the 
strains being sensitive. Again, In 1973, this ratio changed abruptly to 80% 
sensitivity. Control of pseudomonas burn wound sespsls is still a critical 
objective of burn therapy, and antibiotics effective against this species in 
vitro are of major importance. -

Klebsiella pneumoniae . Klebsiella sp. have not been routinely sped ated, 
but classification of autopsy isolates to speci~s level has shown presence only 
of~ pneumoniae. No other Klebsiella species has been recovered. This is the 
second most frequently tested species among Enterobacterlaceae. Sensitivity 
of 29 strains is summarized in Table 9. The organism was relatively sensitive 
to several antibiotics : in descending order of effectiveness there were mlnocin, 
gentamycln, kantrex, keflin and colymycin. Despite a general Impression 
that species of .Enterob;icteriaceae are generally increasing In antibiotic resis­
tance, there was no significant change in sensitivity levels of strains of 
Klebsiella during the period 1970- 1972. In 1973, there was a marked rise in 
incidence of sensitive strains, as was pointed out for other species as well. 
Kelfin showed the most dramatic change: sensitive strains increased from 18. 6% 
to 60.8% of those tested, and kantrex sensitivity In a parallel shift, went from 35% 
to 72% sensitive. Gentamycin was slightly more effective in 1973 than before, 
but colymycln, in an exception to this trend, --. .-opped from 48. 8% to 32% of 
strains sensitive . There were 20% of strains tested which were completely 

98< 
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Tabi~ 8. Antibiotic Sensitivity of Pseudomonas aeruginosa 
ISR, 1969- 1973 

Antibiotic 

Kantrex 

Keflin 

Colymycin 

Gentamycin 

Ampicillin 

Minocin 

Carbenici llin 
156 ug/ml 

Year and % Inhibited at 
1969 1970 1971 

12 . 0 1.5 0 

5. 'I 0 5. 8 

61.0 63.'I 73.3 

75 . 8 71. 6 71. q 

50 .0 33 . 9 30 . 0 

lGO< 

12 . 5 ug/ml 
1972 1973 

0 2 

0 0 

70.0 86 . 2 

66 .0 8'1 . 3 

0 

31. 3 

3'1.6 80. q 
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Table 9 . Klebslella rseumonlae : Cumulative Sensitivity 
for 25 trains, ISR, 1973 

Antibiotic Level An~ibiotic and % Inhibited 
ug/ml K M AmJ:I Kl Co 

> 25 100 100 100 100 100 

25 76 91.6 36 73 . 9 92 

G 

100 

83 .3 

--------------------------------------------------------------------------
12.5 72 83 . 3 8 60 . 8 32 83.3 

6.2 44 70.8 q 39. 1 32 83 . 3 

3 . 1 :?4 so ,, 
13.0 20 75.0 

1.5 0 4 . 1 0 4. 3 16 70 . 8 

0.78 0 0 0 0 16 41.6 

(. 0. 78 0 0 0 0 16 37 . 5 

Tota I tes led 25 24 25 23 25 24 

Complete cross- resistance present: 4 strains 

·101< 
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cross- r slstant; In 1972 this figure was 25\ . 

Proteus mlrabllls . There was a marked drop In Incidence of Proteus 
mlrablll s In 1973. There were 36 strains In blood cultures In 1971, and 32 in 
1972 but only 8 were recovered in 197 . The Incidence in recoveries from other 
sites was not markedly reduced, but Proteus septicemia was only one- fourth 
as commonly seen as In previous years . Of these 8 strains 6 were sensitive 
to amplclllln, 5 to keflln and to gentamycln, and 2 to kantrex . None were In­
hibited by Penicillin G, although this species has been reported as penicillin­
sensitive. During the past three years, 75 strains of Proteus mirabllis have 
been tested. Only three (4\) were sensitive to Penicillin G. 

Providencia stuartii. This species played a major causative role in sepsis 
In burned patients during 1973. Seventy- two strains were tested. Providencia 
septicemia carried a high mortality risk, and an antibiotic effective against It 
would be a great boon . Unfortunately, the opposite Is too often the case; in 1973, 
as In 1972, no strains were susceptible to any of the s ix antibiotics used. This 
total resistance to available antibiotics Is a continuation of the findings of 1972 . 
Table 10 summarizes the status of sensitivity of Prov . stuartii since 1969. .At 
best, in earlier years, the species was relatively resistant to antibiotics, but 
since 1971, no strains have been sensitive to these or other clinically available 
antibiotics . Tetracycline was replaced by minocin in 1972, with no inhibition 
observed. All strains tolerated 25 ug/ml of antibiotic. Two new experimental 
antibiotics (discussed below) were tested during 1973; results offer encourage­
mtint that one of them may be effective in some degree. The role of Prov 
stuartil as an opportunistic invader is well established, but control with avail­
able antibiotics has not been achieved . 

Four other species of Enterobacteriaceae were less frequently recovered 
from burn patients. The results of tests on these strains are summarized in 
Table 11. ,£Dte61 cloacae was the most common species, with 15 strains isolated 
prlmarl ly from ooci, cultures . Mlnocln and col is tin were active against most 
of these strains; less than half were senstlve to kantrex and gentamycln, and 
amplcl llln and keflln were virtually ineffective against these strains . A similar 
distribution of activity was seen with four strains of E ae~nes tested . There 
were 11 strains of Escherichia coll tested. Effective antlbotics included mlnocin, 
collstln and gentamycm . - -

Streptococci were relatively unconvncin in burn wounds, but 11 strains of 
non-hemolytic streptococci and 3 of alpha- hemolytic streptococci were tested. 
Over 80\ of these strains were from blood cultures. The results of these tests 
are summarized In Table 12 , It Is quite evide!"'t that these cocci are essentially 
resistant to the antibiotics available . Only keflin and nafci llln were active 
against more than one of the 11 non· hemolytic strains, and this still left most 
of these strains res istant to all available antibiotics . The Increase In Group D 
non-hemolytic streptococci, a the e proved to be, Is not reassuring; these 
are ubiquitous fecal flora , but had not previously exhibited such capacity for 
Invasive behavior . None of the alpha-hemolytic strains were sensitive to 
the antibiotics tes ted . lOZ< 



Antibiotic 

C,entamv cl n 

Tetracycline 

Minocin 

Kantrex 

Ampicillin 

Keflin 

Colymydn 

Number Tested 
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Table 10. Provider·cia stuartii : Comparison 
of S nsitivlty to 12 T ug/mf"cit' Antibiotic 

ISR, 196!1 - 1973 

Year and \ of Strains Inhibited 
1969-1970 1971 1972 

23.11 7.3 0 

17 ... 1.11 0 

7.1 1.,. 0 

0 

3.7 0 0 

15.7 0 0 

1114 68 2 

103< 
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1973 

0 

0 

0 

0 

0 

0 

72 
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Two experimental antibiotics were tested for activity against Ps aer Jgi nosa. 
One of these was also assessed for its activity against Prov stua r lii. 

BB-KB is a semi- synthetic aminoglycoside prepared by Bristol laboratories , 
who are requesting its assay by laboratories which have access _to a significant 
number of severe infections duet> Ps a'1ruginosa, and in addition to those 
experiencing infections caused by Prov stuartii. The compound Is described 
as active against many gentamycir. Tesrstant strains of~ coli, Klebsiella and 
Providencia sp, as well as Ps aeruginosa. 

This material was obtained in November 1973 . Results of MIC determinations 
to date on strains recovered from blood cultures are summarized in Table 13 . 
Twenty strains of Prov stuartii were tested. Over half were inhibited by 12. 5 
ug/ml of BB- KS. (mly two strains tolerated 25 ug/ml. On this basis, the be­
havior of this dru appears decidedly encouraging with reference to Provi­
dencia . It shoul be added, however, that initial laboratory testing with Prov 
stuarti i gave far less encouraging results. Twenty- three strains were inhibited 
by 2\ ug/ml ; the remainder tolerated 25 ug/ml. After two trials with inoculum 
at 10 per ml (which is within a tolerated li!Jlit for most antibiotics in MIC assay), 
a more dilute inoculum was used, addi1ng 10 cells from an 18- hour culture. 
Resistance was still observed but it was less common. It is well known that with 
some antibiotics, m·nor variations in concentration of inoculum exert a pro-
found effect on the end point of inhibition. Further, the composition of the test 
broth in the case of BB- KS is a significant factor in the end point observed. Thus, 
the status of in vitro sensitivity of Prov stuartii to BB-KS is not yet settled,but 
the antibioticis virtually alone in offering effective inhibition of this ubiquitous 
opportunist, and wi II be further studied. 

Antibiotic activity of BB-KS against 32 strains of Ps aeruginosa, as shown 
in Table 13, was extremely high. 93. 7%of these strains were inhibited by 12.5 
ug/ml, and 38. 4% of them were inhibited by 3. 12 ug/ml. In this activity, BB- KB , 
if its safety in human trials is established, could become an important part of 
the armamentarium for control of gram negative sepsis in burn patients. 

The other antibiotic tested during this period was a semi-synthetic peni ­
cillin, produced by Beecham-Massengill Pharmaceuticals, and designated 
BRL- 2288. The spectrum of this antibiotic is similar to that of carbenicillin. 
ll is bactericidal, as is carbenici llin, and is not strongly bound by serum. 
This agent was tested against 59 strains of Ps aeruginosa, primarily from 
cases exhibiting septicemia or pneumonia . "The sensitivity response is sum­
marized in Table 14. 

The strains were relatively sensitive to BRL- 2288. At the 39 ug/ml level, 
86.4% were inhibited; at 78 ug/ml, 57 out of 59 strains were sensitive . When 
a series of 25 strains were tested simultaneously for sensitivity to carbenicillin 
and to BRL-2288, 20% were sensitive to 19 ug/ml of BRL-2288, and 92% sensi ­
tive to 39 ug/ml. In contrast, carbenicillin required 39 ug/nil to inhibit 56% 
and 78 ug/ml to inhibit 76% of the strains. The results of BRL- 2288 sensitivity 
were ~ery p r_omising in vitro; if the clinical acceptability of this drug is 
established, It could serve as a valuable addition to the armamentarium of 

1G6< 



6-19 

Table 13. Sensitivity of Providencia stuartii and 
of Pseudomonas aeruglnosa from Bur·ns to BB- KB 

Concentration 
ug/ml 

No. 

)25 

25 

12.5 

6.25 

3. 12 

1.56 

0. 78 

Tested 

Prov stuarti i 
No. Cumulative 

Sensitive % 

2 

7 

6 

5 

0 

0 

0 

20 

Inhibited 

100 

90.0 

55.5 

25.0 

0 

0 

0 

107< 

Ps ,,eruginosa 
No. Cumulative 

Sensitive % 

' , 
'. 

0 

2 

1 

14 

, 
1 

0 

32 

Inhibited 

100 

100 

93.7 

90.6 

38.4 

3. 1 

0 

• 
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Table 14. Cumulative Sensitivity of Pseudomonas 
aeruginosa to BRL- 2288, ISR, 1974 

Antibiotic Cumulative No. of Cumulative % of 
Concentration Strains Inhibited Str~ins Inhibited 

ug/ml 

>1250 59 100 

1250 58 98. 1 

156 58 98 . 1 

78 57 96.5 

39 51 86.4 

19 12 20.3 

<: 19 0 0 

Total Tested 59 

1GB< 
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anti-pseudomonaldrugs. 

DISCUSSION 
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During 1973 several striking changes occurred in the spectrum of antibio­
tic sensitivity of major burn pathogens recovered from patients in this Institute. 
There was an overall change in the direction of increased sensitivity to the 
antibiotics tested. These comprise the essential battery available for therapy. 

The most dramatic change occurred in the staphylococcus population. 
Every antibiotic that had been tested In previous years was more effective in 1973 
than it had been in 1972. The latter year was a low point on a descending curve 
of sensitivity, a process which chronologically began in 1968. Methici llin r e­
sistance and complete cross resistance had become an almost overwhelming 
problem. The current increase in susceptible strains can not be· attributed 
to marked alterations in the use of antibiotics, nor to a change in identity .,of 
the predominant phage type which continued as type 84, which has predomi ­
nated since 1971. The alteration in sensitivity reflects a replacement of resis­
tant by susceptible strains, and was probably a plasmid- mediated phenomenon. 
Even with this mechanism established, of course, the st i ft in sensitivity could 
not be considered as having an adequate explanation; the phenomenon occurred 
but could be neither manipulatec1 nor controlled . 

. 
Sensitivity of Ps aeru~inosa strains increased in 1973 to a moderate de-

gree to gentamycinand co ymycin, and there was a marked increase in sensi ­
tivity to carbenicillin, when compared to the preceding four years. With 
Klebsiella pneumoniae, there was a marked rise in sensitivity to keflin and 
kantrex, In comparison with 1972. Other antibiotics did not change in level 
of effectiveness with this species. Prov stuartii strains, which constituted a 
major problem in sepsis, remained totally resistant to all six antibiotics routinely 
used. Since it was a frequent cause of sepsis, an effective antibiotic agent for 
this species was of special importance. 

Two experimental antibioti..:s, one an aminoglycoside (BB- KS) and the 
other a semi-synthetic penicillin (BRL-2288) were tested during the latter 
part of 1973. BB-K8 was effective in vitro against half of Providencia strains 
tested, and was extremely active against Ps aeruginosa. The activity of BRL-
2288 resembled that of carbenicillin, but was more potent. BB- KS has the attri ­
butes of gentamycin and kanamycin, as to potential atotoxicity and nephrotoxi ­
city. Since it is the only antibiotic available which was active against Provi ­
dencia strains, it is of great inter~ , should it become available for clinical 
treatment of infections due to this organism . Its activit•1 against Ps aeruginosa 
adds to its potential usefulness. -
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ABSTRACT 

PROJECT NO. 3A 161102B71R- 01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE : EMERGENCE OF METHICILLIN- 'RESISTANT STAPHYLOCOCCUS 
AU REUS TYPE 84 IN BURNED Ml UTARY PERSO~4NEL 

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

Period covered in this report : 1 July 1973 - 30 June 197'1 

Investigators : Robert B. Lindberg, P, l> 
Ruth L. Latta, BS 
Basil A. Pruitt, Jr., MD, Colonel, MC 
Arthur D. Mason, Jr., MD 

R,,ports Control Symbol MEDDH- 288 (Rl) 

The staphylococcal population in the burn wards of the Institute of Surgical 
Research has been evaluated by phage type, antibiotic sensitivity and by 
cultural evaluation. The replacement of a heterogeneous flora by a virtually 
pure monotype epidemic of Staphylococcus aureus occurred in bum patients 
between 1967 and 1971, at which time only type 84 or nontypable strains 
were recovered . During this interval a progressive decrease in suscepti ­
bility to antibiotics occurred, so that by 1971, semi-synthetic penicillins, the 
methicillln group antibiotics, were largely Ineffective, and other categories 
of antibiotics nearly so. Cephalothins and finally mincocin were introduced 
in the assessment regimen in an effort to find an effective agent. In mid- 1973, 
a marked change in sensitivity occurred, evidently spontaneously. A large 
proportion of Staph aureus strains are now sensitive to antibiotic, including the 
methicillin groupol antibiotics . This major shift has occurred without obvious 
external cause, and it constitutes a unique development in lhe biology of this 

, Important infective agent . The problem of antibiotic resistance has temporarily 
been alleviated, but there is as yet no explanation for this phenomenon. 

Staphylococcus 
Septicemia 
Burns 
Burn infection 
Humans 
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EMERGENCE OF METHICILLIN-RESISTANT STAPHYLOCOCCUS 
AUREUS TYPE 84 IN BURNED MILITARY PERSONN~L 

Staphylococcus aureus in burned patients occupied a relatively minor role 
during the period 1962 through 1968, in terms of severity of illness and of 
frequency with which it was recovered from patients with infections. Gram 
negative sepsis, primarily due to _Pseudomonas apruginosa, was the major 
problem during that period, but ai ter 1968, a sharp recrudescence of staphylo­
coccal infection recurred . While gram negative sepsis remained a major problem 
increasing rates of staphylococcal bacteremia and of systemic infection were 
observed. At the same time, the level of antibiotic susceptibility, which had 
characterized the advent of penici llinase- resistant semi-synthetic penici II ins, 
began to diminish. Increasingly resistant strains of Staph auerus were observed 
from 1969 onward through 1972. 

Through 1966, most staphylococcus phage types fell into Group 1, but from 
1967 onward, the incidence of Group 3 and of Group 4 strains rose markedly, 
and Group 1 strains became rare. The alteratiO!" observed in the Institute of 
Surgical Research burn wards closely resemble · the emeryence of Group 3 and 
Group 4 phage types, highly resistant to antibiotics, which occurfed in Europe 
at almost the same time (Bulow P. Ann N1 Acad Sci 182: 21, 1971; Jessen 0, 
Rosendo K, Bulow P. NEJM 281 : 677, 1969 ) . Sfap~ aure,:s has been studied 
as to phage type, antibiotic sensitivity, tempora d1stribut1l n as an indicator 
of epidemic patterns, and in terms of invasiveness as reflec\'.ed in the incidence 
of staphylococcal sepsis in burn patients. The sequence of events observed 
in this epidemic situation have been unique, and shed light on basic phenomena 
of staphylococci in hospital-acquired infections. 

OBSERVATIONS 

Bacteremia. The presence of Starch aureus on burn wounds is not an index 
of the clinical seriousness of such co onizat1on. Blood stream invasion is a 
plausible i"ldicator of severity of involvement, and the incidence of staphylo­
coccal bacteremia has been summarized for time periods in which the infection 
pattern was distinctive. 

Table 1 show~, the incidence of S,p~ aureus bacteremia at different periods 
in the recent history of the Institute o urgical Research. Four natural 
divisions present themselves. In 1963, topical therapy was non- existent, and 
In 1964 topical Sulfamylon was introduced for the first time. There was a moder­
ate drop in the incidef"' .e of staphylococcal sepsis during 1964, but it then de­
creased dramatically In 1965 through 1968. The spectrum of Sulfamylon activity 
for staphylococci In vitro is the same as its antlpseudomonal activity . During 
this time, strains were largely sensitive to methlclllin and to other antibiotics. 

Beginning In 1969, a marked rise in staphylococcal bacteremia occurred. 
It seems improbable that the simultaneous appearance of staphylococci could 
have been coincidence. The rates of st.aphylococcal bacteremia increased 
strikingly from 1969 through 1972, almost 50\ of positive blood cultures were 
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the predominant type among blood stream as well as among wound and sputum 
isolates. Strains from blood included 82\ of type 811 . For all sources this pro­
portion was 77. 8\. 

Phage types among survivors and fatal burns are compared in Table 3. This 
resume illustrate the nature of mixed phage type populations in these patients . 

Ph T P. of Sta aureus from Postmortem Lun Tissue of Curn 
Patients. neumon a has become a more an more prominent part o the pathology 
of burn patients, and a question of epidemiologic concern was the identity of 
staphylococcus strains found in the lung . A definitive group of cultures were 
available in those fatal burns in which autopsies were periormed c1nd lung 
samples collected . Sixty- seven strains were collected from lung tissue of 25 
patients. Phage types of these strains are shc-wn in Table 4. Eleven of the 
25 patients harbored only Staph aureus type 81 : 5 more had type 811 plus a non­
typable strain . Thus, 611\ orii,ese fatalities harbored type 84 in tissues at autopsy . 
This figure is comparable to the 77. 8\ of patients har~oring type 811 from all 
sources. 

There were more strains other t"an type 811 in postmo.-tem lung tissue than 
had been seen in the past three years . One patient harbored type 29; one had 
29, 52; and one 811, 85. Three yielded only nontypable strains. The proportion 
of nontypablP. strains is high enough to merit investigation of new phages that 
might classify ~ome of these strains. Type WH- 1, a new international typing 
phage, was not found in septicemia but occurred in lung tissue of patients . 

Antibiotic Sensitivi of Sta locoed, 1969-19711 . The demonstration 
that a single type o ;>taph aureus has predominated in the Institute of Surgical 
Research wards for the past three years, and that the t•fpical staphylococcal 
population has been one which exhibits a single, or at most, three predominc)nt 
types, prompted a close scrutiny of the antibiotic sensitivity of staphylococci 
(Lindberg RB, Latta R~, Pruitt BA, Jr, Mason AD, Jr . USA Ann Rpt FY 1973, 
USA Institute Surg Res ) . A progressive and steady increase in antibiotic 
resistance of staphylococci occurred from 1967 through 1972, as shown in a 
simplified form in Table 5. There was a concomitant increase in staphylococcal 
sepsis during these years . Kantrex and tetracycline fell to such a low level of 
effectiveness the t they were 'Jmitted from the routine testing battery, tetracycline 
in 972 and Kantrex in 1973 . Minocin and lat r clindamycin w r added to the test 
battery in the hope that they would prove to be more effective antibiosis. Through 
1972 the increasingly resistant pattern was especially prominent with the semi -
ynthetlc penicillins. Methicillin its~lf was the least effective , but the most effec­

tive form, nafcillin, till failed to inhibit three- fourths of all strains tested In 
1972. 

A striking, unique, and thus far unexplained change in sensitivity occurred 
In 1973 . Gentamycin, lincocln, the semi - synthetic penicillins, and keflin, all 
were In a significant degree more effective than they had been the preceding 
year . 

Th natural history of the development of antibiotic reslstanc and its 
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Year 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

7-9 

Table 5. Antibiotic Sensitivity of Staph aureus : 
% of Strains Inhibited by 6. 25 ug/ml or bss 

Antibiotic and % Inhibited 
G L Ps Sc 0 Kf M 

89.4 94.0 61. 1 94.4 

64.7 80.9 84.6 90.0 

52.0 48 .5 33.0 25.7 41.0 

32.0 29.8 22.4 18.0 33.9 

56.0 28.4 20. 1 15.5 33.0 56.4 

35.6 26.0 18.8 13. 1 26.0 22 . 6 51. 5 

67.9 44.3 69.7 50 .0 62.3 72. 1 84. 1 

Cl 

40.7 

Kanamycin: Discontinued 1973: Dropped from 42.8% sensitive in 1968 to 6.0% 
in 1972. 

Tetracycline : Discontinued in 1972 : Dropped from 38.'1% sensitive in 1968 to 
1. 9% in 1972. · 

G - Gentamycin 
· L - Lincocin .,.. 

Ps - Prostaphlin (oxacillin) 
Sc - Staphcillin (methici llin) 
U - Unipen (nafcillin) 
Kf - Keflin (cephalothin) 
M - Minocin (minocycline) 
Cl - Cleocin (clindamycin) 

121.< 



7-10 

sudden reversal Is more precisely shown in graphs cf the cumulativ:! sensi­
tivity to selected antibiotics assayed on an annual basis. Figures 2 through 
8 show the sequence of events in regard to sensitivity of Stap~ aureus from 
1969 through 1973 and the first six months of 1974. Through 1972, the six 
antibiotics are summarized annually In one figure. 1969 and 1970 were years 
when the strains were relatively resistant. At the level of 6. 25 ug/ml, between 
20% and 38% of strains were sensitive, depending on the antibiotic. In 1971 
there was an increase in sensitivity for Prostaphlin, gentamycin and unipen, 
but at best the pattern was only within an adequate range from the viewpoint 
of therapy. In 1972, the sensitivity dropped dramatically; there was little 
likelihood of a given strain being ,dequately controlled with antibiotics. In 
1973, when cllndamycin and mlnocin were charted for the first time,a dramatic 
rP.versal of resistance to antibiotics occurred . Even at lower concentrations, a 
rise in sensitivity was seen, and the 'striking incrP.ase in effectiveness of the 
semi-synthetic penici II ins and of Keflin were especially striking. These curves 
represent a complete reversal of a trend repeatedly seen in the preceding four 
years. 

Data were available for SO strains from 16 patients, but this ultimate 
exµression of the reversal from the pattern recorded 18 months previously 
is clearly shown. These curves represent an extremely sensitive population 
of staphylococci; 2 of the 3 semi-synthetic penicillins are noteworthy for their 
extremely high level of effectiveness, whi.le the third, staphcillin, was far 
more effective than it had been in over five years. Clindamycin was, with 
Keflin, the most effective non-penicillin compound, while minocin and lincocin, 
less active at very low dilutions, were still highly effective at 3 ug/ml. 

The remarkable fact about this abrupt and striking reversal of aJ1tibiotlc 
sensitivity in an epidemic population of staphylococci is that it appears to have 
occurred de novo. No striking alteration in the routine use of antibiotics was 
instituted;by and large, they were used when sepsis, pulmon;Jry infection, 
or some other specific diagnosis indicated their use. Topical therapy has 
been changed to include use of silver sulfadiazine on many more patients 
since January, 1974, but the sensitivity shift was well established at least 
six month5 earlier. If we were to take the data from 1 July 1973 to 30 June 1974, 
there woL•ld be little change in the profile of Figures 7 and 8, shown for six 
months of 1974. 

CONCLUSIONS 

A monotype epidemic of Staph aureus has been present in the Institute 
of Surgical Research patient population since 1971. It may, in 1973, have 
shown slighl signs of introducing phage types other than type 84, but such 
change was peripheral. Since 1969. a steady rise in antibiotic resistance 
to most antistaphylococcal antibiotics has occurred. This was especially 
marked with methici llin and the semi-synthetic penici II ins, but resistant strains 
to the aminoglycosides and tetracyclines also increased. At its peak, in 1972, 
this broadly resistant population of staphylococci was amenable to few anti ­
hiotics; gentamycln and minocin were the only two which might have affected 
half of the strains on the basis of ir1 vitro data . Yet, in 1973 an abrupt reversal 
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of this pattern occurred, and the staphylococcal population, stl II predominantly 
a type 811 epidemic, became Increasingly susceptible to antibiotics. In the first 
six months of 197q the strains were shown to be extremely sensitive to methlcillin 
and to other categories of antibiotics . This development Is not characteristic 
of the worldwide current pattern of antibiotic resistance, and presents a nev, 
dimension In the biology of antlbiol'c.: sensitivity and Its persistence in this 
major pathogen, ~ auerus . 

REFERENCES 

1. Bulow P. Staphylococci in Danish Hospitals during the last decade . 
Ann NY Acad Sci 182 : 21, 1971. 

2. Jessen O, Rosendo K, Bulow P. Changing staphylococci and 
staphylococcal Infections . New Eng J Med 281 : 677, 1969 . 

3. Lindberg RB, Latta RL, Pruitt BA, Jr, Mason AD, Jr . Emergence of 
methiclllin-resistant Staphylococcus aureus type 9q in burn patients. US Army 
Institute of Surgical Research, Ann Rpt FY 1973, Brooke Army Medical Center, 
Fort Sam Hous to,, Texas . Sectl on 8. 

PRESENTATIONS 

Llndbt•rg RB . •Methicillin- resistant staphylococci In nosocomial infections" 
presented at annual meeting of American Society for Microbiology, Miami, Fla. 
9 May 1973. 

PUBLICATIONS 130< 
None 



...... ,. 
US Ar-, Institute of Surgical Rese.-ch 

•-• Ft S• Houston, Tx 78234 

-·-·- Basil A Pruitt, Jr, COL, ..C 

, __ _ 
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23. (U) Burns to 111ilit.-y or civi11., personnel .-e • m•Jor problem in w.-fare1 the • 
control of infection in burns with SulfllftYlon has gre•tly reduced lethal sepsis. Since 
resist.,ce to chemotherapy of bacteri•I infection has been• continuing problem, the 
surveill.,ce of sensitivity to SulfllftYlon is• key factor in modern military medicine. 

,. 
24. (U) Sensitivity to Sulfaylon is determined by an agar pl•te dilution technic 
witch yields 111ininu1 i nhibt ting concentr•tion dat•• A major part of Pseudomonas 
tsol•tes from the entire year is tested. 

2S. (U) 73 07 - 74 06 On., annual basis, SulfllftYlon sensitivity of Pseudomon15 
l.l!IIU-ll~i~;,aa str•ins h•s fluctu•ted. The mtninun inhibitory con~entr•tion rose sharply 
in 1972, "'1ich led to • re•I concern th•t resistant str•ins were becoming more numerous 
.,d th•t the drug111ight correspondingly become less ffcctive in control o burn wound 
sepsis. The medi_, level of inhibition of Pseudomonas ,eruqinosa w•s 0.316% in 1972. 
However, in 1973, with no significant •lter•tion in topic•I therJPy, this pattern 
distppe.-ed and reversion to• more sensitive form of P,1eudomon15 aen·.,inou occurr d. 
The medi., MIC level for 1973 w•s 0.111%1 this w•s the lowest median v•lue observed 
since 1970. This shift represents presence of• larger popul•t ion of str•ins sensitive 
to SulfllftYlon than had been r cov red in the past 2 ye•rs. Th sensitivity level, 
wiite not •slow •sit was pri , t, 1968, is well within the rang •t "'1ich SulfllftYlon 
is ., effective agent in topi c•I therapy of burns. 
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ABSTRACT 

PROJECT NO. 3A161102B71P.-01, RESEARCH IN BIOMEDICAL SCIENCES 

R!PORT TlnEa SENSITIVITY Of PSEUDOMONAS AERUGINOSA RECOVERED FROM 
BURNED SOLDIERS TO SUl.FAMYLON 

US ArwJ Institute of Su~gical Rese.-ch, Brooke Army "9c:Hca1 Center, 
Fort S• Houston, Texas 78234 

Period covered in reports 1 July 1973 - 30 June 197 .. 

Investigators• Robert B. Lindberg, PhD 
Virginia C. English, MA 
Ruth L. Latta, BS 
Basil A. Pruitt, Jr, MO , Colonel, MC 

Reports Control Synibol ME00~288(R1) 

Two hundred and eighty-five strains of Pseuc.bnonas eruainos1 
frcn burned patients were tested for sensitivity to Sul fanylon. A 
1°"'81" proportion of relatively resistant strains was observed than had 
been seen In 1972, and the INdian sensitivity level for 1973 fell to 
0.111% fr011 a high of 0.316% in 1972. Relatively resistant strains 
were concentrated in ho phage types, ~71 and NT4. The former 
constituted a group of strains distributed over a w;de range of sensi­
tivities, the latter were unique in being fitted on a n.-row MIC range 
of 0.312% to 0.156%. No specific rise in wound sepsis or septicemia 
due to these types was obterveds they appe.-ed in the blood strean in 
proportion to their t-.,oral incidence in the burn population. Tnusf.-, 
moderately resistant strains have not presented a theraipeutic problem. 
Their continued monitoring is mll'ldatory if such 11'1 eventuality is to be 
pr~tly recognized should it occur. 

Pseuc:bnon as 
Burns 
Sul f anylon 
Topi cal ther IPY 
tunans 
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SENSITIVITY Of PSEU00f10NAS AERUGINOSA RECOVERED 
FROM BURNED SOLDIERS TO SULFAMYLON 

Since the introduction of Sul f .-nylon burn ere• as a prophylactic 
agent in treatlllent of burns, the sensi ti vi ty of PseudomonH 9ruqt nosa 
strains, recovered frOffl burn patients in a ..-d where Sulf.-nylon was 
being used extensively as a treatment regimen, has been monitored closely. 
In view of the long history of emergence of resfst•it strains in the 
presence of an antimicrobial agent, it would be cxpucted that the fnit.fal 
,uccess whi~.h attended the use of topical Sulfanv1on might be blunted 
with the passage of tf11e, and if, in def, !!l. vitro resist.-.ce occurred 
and lessened the effectiveness of the drug in therlS)y, such a development 
would call for pr0111pt re-evaluation of the topical therlS)y regimen. 
There has btten no ••ked resurgence of PseudOmonas burn wound sepsis 
in the lns~tute of Surgical Rese.-ch burn population for several year s, 
but PseudaMonas colonization occurs almost as a continuous phenomenon, 
and the organf • appe.-s in the blood strean of a significant number of 
patients each ye.-. These .-e usually terminally ill patients, and i t 
..., wel 1 be that were Pseudomonas not at h-,d, other nosocomi al infecting 
agents would t•e its plactt. This evidence of continued in asive patho­
genfcity of this org.-.ism m•es its monitoring .-.d control a matter of 
signific-,ce. 

METHODS 

Sensitivity to sulfonanide coq,ounds .-.d related agents has been 
fowid to be 1110st effectively determined by using a Hfninun Inhibitory 
Concentration (MIC) technic with Sul f.-nylon in agar pl ates at appropriate 
dilutions (Lindberg RB, Calvert J: Brane RE, Dent Rs USA Surgical Research 1 Unit, BAMC, ft S• Houston, Tx. Annual Research Report FY 1965, Section 15) • 
Concentrations fr0111 2.5% Sul f .-nylon acetate dowl to 0.019% are made up 
in square, ruled 100 nm square pl ates, with 36 spaces marked off in the 
rect-,gle. Since the acetate form is used in the therapeutic application 
of sulfaylon, ft is also used for !!l.~ sensitivity testing procedures, 
the number of colony forming units is a critical factor in reaching a 
consistent, reliable -,d reproducible end-point of inhibition. The 
objective is 1000 cfu per inocul1.111 dropJ this is made up by diluting., 
18-hour broth culture. 

RESULTS 

T-.o hundred -,d eighty-five strains of h ,eruqinou were tested in 
1973. The nllllber of isolates was onl1 61% of the nl.lli>er tested the 
previous year, -,d reflected a drop in incidence Jf Pseudomonas \)f'I burned 
patients. A retrospective c0n1>arfson of the proportion of strains inhibited 
at each test dilution, observed on.-. .,,..ual basis, is shown in Table 1. 
Coq,.-isons since 1967 .-e presented. The .-.nual increments show that 
there was.,, increase in the proportion of sensitive strains in 1973, 
coq>.-ed to 1972, when a relatively high level of resist-,ce occurred. 
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Between 1970 1nd 1972 the resistance level was not as high, but this 
increased sensitivity came after 1969, during which time there had been 
a rise in resistlf\ce to Sulfanylon. The pattern of sensitivity, observed 
at annual intervals, shows not a gradual or stepwise increase but a 
fluctuating pattern in which groups of resist1nt strains appear, only 
to be succeeded by more sensitive strains. 

A more coherent picture of the sensitivity of Pseudomonas strains 
to Sulfamylon is shown in Table 2, where the cl.111.llative sensitivity is 
set down. From a maxinun resistance level observed in 1972, there was 
a reappear1nce of more sensitive strains; one-third of the strains were 
inhibited by 0.078% of Sulfanylon in 1973, in contrast to only 19% 
sensitive at this level in 1972. Over half of the strains were sensitive 
to 0.156%, and the proportion of sensitive strains approached but did 
not equal those seen in 1970 and 1971. The changes represent a fluctuation 
rather than a progressive increase in resistance. When projected graphically, 
in Figure 1, the sensitivity patterns fo ; the years 1969 - 1973 were 
essentially consistent, except for the marked shift toward resistance 
seen in 1972. There were changes in the proportion of strains inhibited 
in the median range from year to year, but these were not extreme. In 
1969 the curve closely paralleled that seen in 1973; in 1970 and 1971, 
the sensitivity values were again very similar. When it occurred, the 
shi1t from a linear response denoted the presence of a homogeneous group 
of resistant strains that distorted the typical curve. Such a group of 
strains accounted for the shii-t to the right seen in 1969 and 1973, and 
in 1972 the distortion was even more extreme due to the large group of 
more resistant strains recovered in that year. 

Median levels of sensitivity for all the strains collected are show-I 
on an annual basis in Table 3. It was evident that the median value for 
1913 was next to the 1 owes t ob served over the who 1 e f i ve-:,ear period. 
The relatively large variations in me~ilfl range of sensitivity indicate 
that the respons · of Ps aeruginosa to Sulfanylon is a naturally fluctuating 
entity, and not one in which resistance is increasing slowly and progressively 
due to continuous selection of resistant strains in the presence of the drug. 

A scrut i ny of the principal phage types of Ps aeruginosa, and of 
strains typable only with concentrated phage (the "NT" strains), was made 
since the sf.:nsitivity totals sugge:,ted that groups of strains varying 
markedly in resistance to Sulfanylon, were being encountered at intervals 
(Latta RL, Lindberg RB, Pruitt RA, Jr., Mason .AD, .Jr. Institute of Surgical 
Research Annual Research Progress Report FY 1973, Section 12)2. In terms 
of nunbers of strains, a conspicuous nosocomial epidemic in the first half 
of 1973 was due to a strain with phage type A-71, together with two loss­
variants designated A-71a and A-71b. Table 4 shows the reactions of these 
three strains. A-71, with 17 out of 29 isolates requiring 0.312% for 
inhibition was evider,tly a relatively resistant strain although this 
resistance was obviously not COffl)lete, since inhibition occurred at 0.156% 
or less in 42% of A-71 strains. The numbers of A-71a and A-71b strains was 
small, but the distribut ion of strains requiring 0.312% for inhibition was 
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Table It 

Sl'l"-"4YLCIM Sl:111S fTTI/ 'TY lt£A •: TT l'lltol C'F' POfl'l'"IIIANT 
PtiAG£ TYPF'S • 1973 

NII. o.625 0.1 S6 0.078 

39 , 2 

~!e! --"I Wt 3 
JO 2 

~' f!t'•".!! 55 ' )7 ' p9 tsoht•ij 6 2 
64 4 
47 I 
9 

97 
7S 

10~ 
70 2 

'-14 
JO 2 
77 
Jlt 

102 2 

71 
77 2 
9 

10 2 
9S 

,.._-
177 ... 
I Q9 2 
78 
86 
)It 

~ 11 concentrat tons t n Gilts. Sul h111yl onAn9 1111 •"'~f UIII 

139< 
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the s .. as that found for type A-71. A different type, M-2 appeared in 
a .. 11 epidemic outbrelk 1 ater in 1973. Here too a small 1 m.lllber of 
re1 atively resist ant strains were recov,:red, al though tw:>-thi rds of the 
strains wre highly sensitive. 

When the NT strains wre revi.-d as shawl in Tab1e S, two distinguish­
able patterns IPIM•ed in large nulllbers, extending in each inst.-ice 
over a four-aonth period. One of these, NTf\ showed a we11 defined group 
possesstig slightly heightened resistance, with 52% of isolates requiring 
0.312% for inhibition, and all but one of the remainder sensitive to 
0.156%. This was a hca>geneous pattern, with variation 1imHed to the 
range of 0.156% to 0.]1$. This narrow range was unique in the experience 
of this 1 abor atory. There has usually been a broader zone over which 
variation occurred. 

Type NTS, which al so occurred over a four-month interval , made up a 
major part of the relatively resistant strains recovered in 1973. Twenty­
six percent of these strains required 0.312% up to 1.25% for inhibition. 
At the same time, 67% wre sensitive to 0.156% or less, so that on the 
whole, this type, if the strains wre indeed all part of one epidemic, 
was not of a resistance level that 1110Uld i:>e expected to create problems 
in patients treated with Sulfaylon. 

The remaining NT strains wre distributed over a wide r.-ige of identity 
patterns. Twenty-one percent of tha required 0.312% to 0.625% for 
inhibition, so that they could be reg.-ded as relatively resist.-it. 
No one type occurred, however, in a precminant ro1e. 

Thus the predominant types of ta, MQ19inos1 encountered in 1973 
included two, A-71 and NT4, with a group of strains recovered und,r 
teq,oral ci rc""1st.-ices that suggested the occurrence of a nosocomi al 
epidemic. However, highly resistant strains were recovered only in 
small nunbers and in no instance could one of these be seen to proliferate 
selectively because of its drug tolerance. 

The incidence of burn wound i nv as ion cou 1 d not be shown to occur in 
an extreme degree in the presence of .-iy of these relatively resistant 
strains. During the periods in which type A-71 or NT4 were predominant, 
they were observed from a11 sources, but there was not an unusual incidence 
of burn 1110Und infection occurring with either of these strains. 

DISCUSSION 

On an annual basis, populations of .fl aerugi™ in the Institute 
of Surgical Research patients have fluctuated in terms of the incidence 
of Sulfanylon-resistant strains. The term "resistance" is relative, 
since an MIC of 0.625% may, and often does, occur without clinical 
evidence that the strain in a burn wound is refractory to treatment. 
Conversely, strains inhibited by 0.312% or less have in some instances 

1~10< 
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Table S 

SUl.rAMYl.ON-SENSJTJVITY PEACTJONS or v,RJOUS NON-TYP,'l.E STRAINS 

Non-typ• . • • • • • 
Str•fn ps.'\' 9111.% g1111.i 91"••~ g1111.% g1111.% 

pn:rq 35 JO 

I u e•ttent~ 

I ~ 1 sol •te~ 

I iiT-J I 4 s 7 .. , .. 

I 'l e•t1 ent~ 

[1:1 isol•t•~ 

\ Other I 
: Non•tl(!•bles: 3 s 10 6 1 

I ,o e•t1 enta 

I !A 1 sol.tea 

TOTAL 1 

Ul'it~n- 155 

.. 8 i.s lt6 76 6 

141< 
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been show"I to be refractory to treatment in the exper'mental burned rat 
model. 

The relatively resist-,t groups of pseudomonads recovered during 1973 
were distributed between principal phage patterns of identity - A-71 and 
NT4. A-71 strains were distributed over a wide range of inhibitory values, 
NT4 strains were inhibited in a uniquely narrow range between 0.312% and 
0.1S6%. Such behavior cannot be described as "resistant", but may be 
considered to indicate moderate toler.-ice of Sulfanylon. Thus far the 
behavior of h nruginos1 in the presence of therapuetic ~lfanylon levels 
indicate~ that the strains remain essentially sensitive to the drug. 
Continued monitoring is m.-idatory in view of the unpredictable fluctuations 
that occur and of the demonstration of certain types that have been 
refractory to Sulfanylon burn cream ir treatment of experimental burn 
wound infection in the rat model. 
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The bacterial flora on 113 burn patients at the time of aonission 
to the Institute of Surgical Research was assessed by swab cultures. 
Although this technic was again found to be less sensitive th-, the 
agar plate contact technic, it reflects the proportion of species brought 
into the burn ward. Sixty~nine percent of the patients yielded positive 
cultures. Predomin¥1t flora on actnission included Staphylococcus aureus 
as the principal species. Phage types were heterogeneous, but type 84 
was recovered in signific.,t nunbers. Staphylococcus epidermidis, an 
endogenous non-pathogen, was far more conmon th.-i in previous years. 
The principal gr•neg tive enteric forms were Klebsiella pneunoniae, 
Enterobacter cloacn, .-id Escheri chi I coli. Pseudomonas aeruginosa and 
Providencia stuw:tii were most conmonly found at three to f·ve days 
postburn, .-id were found on one-eighth of al I incoming patients. Continuous 
re-seeding of the burn ward population by the flora of incoming patients 
is indicated'by these observations, .-id makes less plausible the ass~tion 
that a unique microbial flora is indigenous to this burn ward. 

Microbiology of burns 
Burns 
Pseudomonan 
Pro¥idencu 
Hun.,s 
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BACTERIAL FLORA ON MILITARY BURN PATIENTS AT 
TIME OF ADMISSION TO THE INSTITUTE OF SURGICAL RESEARCH 

Identification of bacterial flora resident on burn injuries constitutes 
., essential starting point in the study of the role of bacteria in burn 
wound pathogenesis. While numerous observations indicate that at the 
moment of injury the burn wound is essentially sterile, the wound surfat:e 
is ., extremely congenial emn ronment for growth of ma,iy bacterial species, 
.,d it is rare for such wounds to remain sterile for more th., it8 hoursa 
far more often they are contaminated within minutes after injury. 

The identity of bacteria present on burn wounds at the time of their 
achission to the burn ward ~bviously influences subsequent ·bacterial 
contamination .,d infection on these patients. The frequent speculations 
on the source of infecting species on a burn ward 111.1st at the least start 
w;th a differentiation between the bacterial flora present on the burn 
upon arrival at the burn ward, and that C0f'f1)0nent which is subsequently 
acquired by cross-infection or self infection from the patient's own 
stool, urine or sputum, to nane three conm:>n endogenous sources of burn 
wound seeding. 

An ex...,le of a bacterial species which has presented a major problem 
as., infecting ag~flt in burn patients at the Institute is Providencit 
stuw:tii, which was observed as an epidemic strain in burn patients before 
it had been reported from other burn treatment centers. It was suggested 
that the strain might be unique in having colonized this burn ward, but 
when H m.,y as SO% of patients on arrival were found to harbor the org.,i sm, 
it was obvious that the epidemic aspect of this infection involved const.,t 
re-seeding by arriving patients. 

The bacterial flora of arriving patients underwent marked change with 
the cessation of hostilities in Southeast Asia. The proportion of b rn 
patients arriving soon after injury has been higher a,id the antecedent 
care of these patients is undoubtedly qui t:e different fr.,m that of patients 
passing through the patient transfer system from the Far East. The present 
report is based on culture data from 113 patients examined on arrival at 
the lnsitute burn ward during 1973. 

I 

HETHOOS 

Earlier observations made use of contact cultures using 100 nm agar 
discs placed on the wound surface. This technic recovers a higher percentage 
of org.,isms th., do other technics for wound surface SafY1)1ing (Lindberg RB, 
English V, Moncrief JA, Pruitt BA, Jr. USA Surg Res Unit Ann Rpt FY 1968, 
BAMC, Ft Sam Houston, Tx. Sec 7)1. This technic has not been feasible 
under current conditions of admissions, .,d adni ssion cultures have been 
tlken with culture swabs moister.ctd .,d tr.,sported in holding medh.111. 
This technic produces a small~, yield of positive cultures th., the contact 
plate techn'lc, but signffic.,t information on the incoming flor• c., still 

145< 
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Incidence of recovery of bacterial species arnon•J 113 patients on 
adnission is showt in Table 1. As had been observed in 1972, the swab 
technic lowered the rate of recovery of bacteria. Only 69% of patients 
cultured on adni ssion showed bacteria present on th burn; with contact 
plate tecmic, the recovery rate was in the range of 98% positive cultures. 
The high proportion of negative cultures were recorded in the zero to two 
day postburn group. Incidence of each species among those patients with 
positive cultures is a more realistic way of showing species incidence. 
The total of all cultures po itive showed that Staphylococcus a1reus was 
the predominant species, ,1ith 33% of positive patients carrying this organ­
ism. Typing results showed this group of strains to include a variety of 
phage types, which were usually quickly replaced by the resident phage 
type 84, after aonission to the ward. Staphylococcus epidermidis, present 
in 29.4% of P')sitive patients, was far more conmon than had previously 
been the case. Among coliform bacteria, Klebsiella pneunoniM, Entero­
bac:ter clo,sn, and Escherichia S2!i were the most frequently encountered 
species. Pseudomonas ,eruginou and~ stuKtii, two species that play 
a large role in sepsis in the burn ward, were recovered each in 12.8% 
of positive p.tients. This incidence is similar to that ~een in recent 
years. Contro l measures for these agents nist be used~· ~. the realization 
that re-seeding of the burn ward will occur with new patients admitted. 

C~arison of the principal p,·edomin.,t species with earlier data 
on bacterial flora of patients on arrival at the Institute oi Surgical 
Research is made in Tables 2, 3, and 4. These data include earlier 
observations made with more sensitive s-.,ling technics. Figures for 
1968 serve as a typical yea; of large numbers of admissions from Viet Nan. 
The breakdowi of time intervals was intended to detect seeding rates in 
patients soon after injury, .,d at arbitrarily designated intervals 
thereafter • 

.fl ,eruginosa has, in the p~st two years, been relatively low in 
incidence on arriving patients through the first 10 postburn days. The 
higher incidence noted in 1968 ·and 1970 was a reflection of the extensive 
seeding that occurred among Viet Nan evacuees. The likelihood of finding 
.fl aen:ginoSJ on burns two weeks or more after injury is sti 11 very high. 
Widespread use of effective topical t:herapy may contribute to the recent 
finding of a lower incidence of fl .IS:ruginosa on burn wounds in the early 
postburn period. In 1973, the number ~f patients adnitted later th., 
the 10th postburn day made the nciden e figures of less ignificance. 

Klebsiella pne,.rnonist -,d Entero clo,c,ea The initial seeding of 
burn wounds wf th ! pneynoni ae ref I ected th conmon experience of endogenous 
forms seeding the burn wound. The contanination rate was at its highest, 
based on a significant nl.lnb r of adm ssions, up to five days. It was 
lower than had been the case in previous year s , aft r he 6th postburn day. 

1.46·· 
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Table 1. Cultures on 113 Patients on Aonission to ISR, 19731 
Swab Culture of Burn Surf ace 

Species 

Pseudomonas •ruginosa 

K1ebsie11 • pneumoni • 

Enterobacter c1oac• 

Enterobacter Nrogenes 

Escheri chi• coli 

Serr.ti a marcessens 

Citrobacter freundii 

Proteus mirabilis 

Providencia stuartii 

"im~Here11e• group 

Staphylococcus .,reus 

Staphylococcus epidenr:idis 

Streptococcus, non-hanolytic 

No growth on swab culture• 

% of a11 Patients 
Positive 

8.8 

19.4 

22.1 

7.9 

15.9 

1.7 

3.S 

3.s 

8.8 

4.4 

23.0 

~0.3 

8.8 

30.9% 

Total patients cultured• 113 

Patients with positive cultures• 78 

147< 

, ·' . 

% of Each Species 
MDng Patients 

f sitive 

12.8 

28.2 

32.0 

11.s 

23.0 

2.s 

s.1 

3.S 

12.8 

6.4 

33.3 

29.4 

12.8 
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The n~mber of patients adnitted after 21 days was too small to permit 
conclusion to be drawn regarding 1ate incidence of species. A simil~r 
pattern was seen wi h Enterobacter cloacae. The low carrying rate for 
this species is par ti cl.•larl y ef'll)hasized because in subsequent observatior. s, 
the contan~~ation rate for i cloacae, once the patient reached the 
ward, becane very high,. 

Prov stuart i i !Jd c. coli: Prov stuarti i has been a major offender 
in causing r,epsis in burned patients in the Institute of Surgical Research. 
Its transmi ssion pattern has been, presumably, patient-to-patient; as 
shown in Table 3. It has, since 1970, been relatively scarce at 0-2 days 
postburn, and i~deed none were found in 1973 at this time interval. 
Significant numbers were recovered from 3 to 10 days postburn, although 
not nearly the magnitude seen in 1968. The incidence of this presumably 
exotic opportunistic burn infecting agent ruse markedly in the second and 
third postburn weeks . 

i .£9li is one of the most ubiquitous fecal species, and could be 
expected to be found in a high proportion of contaninated wounds. It 
was found in approximately one-fifth of patients at Oto 1 days, then 
rose markedly up to day five. From the sixth postburn day onward the 
incidence rate fell through . t he third week . postburn. i coli has, in 
frequent episodes, shown that i t is capable of invading burn wounds, 
but the rjrop in incidence in 1973 suggests that such invasive episodes 
may be decreasing in incidence. 

Staphylococci: :ll.£!:!, aureus has assumed an increasingly serious 
role as an infecting species in burn patients in this Institute. Table 4 
shows that incoming patients in the first five postburn days were seeded 
with Staph aureus to a level higher than was seen several years ago. 
The rate of colonization by this species droJ:ped· in the later postburn 
period. The carrier rate was sufficient to serve as a source of seeded 
patients capable of contributing new strains to a burn ward. Thus 
current ef'll)hasis on anti-staphylococcal prophylaxis and therapy cannot 
offer an escape from the contanination brought in by new patient3. The 
carrier strains included a significant number of phage type 84; thus, 
although the Institute of Surgical Resear ch wards have entertained a 
virtual epidemic of type 84 over t~e last three years, this type also 
appears as part of the flora of newly-arrived pat i ents. 

Staph epidermidis, which is viewed as primarily part of the normal 
skin flora, exhibited an increased incidence on new arri vals i n the first 
five postburn days. This organism is not regarded as of great ·i"l)ortanc.e 
in the development of burn wound infection s and thi $ increased incidence 
may reflect an absence of interfering flora, including gran-negative fecal 
bacilli. 

DISCUSSION 

The role of the bacteria brought by burned patient s in to a large burn ward 
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Table 3. Providencia stuartii .,d Escherichia coli on Burn Wounds 
at Time of Adni ssion to ISRa 1968 - 1973 

Postburn Species and % of Patients Positive 
Interval Providencia stuarti i Escherichia coli 

68 70 72 73 68 70 72 73 

0 - 2 

3 - S 

6 - 10 

11 - 20 

21+ 

21 

it6 

so 
S2 

S4 

1 

S4 

4 

ss 
70 

9 O 

S· 17 

16 10 

48 40 

38 100 

29 

ss 
67 

Sl 

4S 

21 

S4 

30 

40 

61 

20 

32 

43 

52 

44 

Table 4. Staphylococcus aureu~ and Staphylococcus epidermidis 
on Burn Wounds at Time of Admission to ISRz 1968 - 1973 

Postburn Species and% of Patients Posit\ve 

22 

39 

20 

20 

66 

Interval Staph aureus Staph epidermidis 
68 70 72 73 68 70 72 73 

0 - 2 14 21 38 38 48 70 20 3S 

3 - S 13 36 22 39 30 27 14 30 

6 - 10 24 S4 21 20 17 15 5 20 

11 - 20 28 54 38 20 30 8 s 0 

21+ 18 48 62 0 27 22 12 33 
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is intimately associated w;th the problem of control of nosocomial 
infection in burns. With two major epidemic problems, Providencia stuartii 
and Staph aarws Type 84, were brought in at a rate which, while lower 
than that seen in earlier years, was quite enough to keep the ward seeded 
w;th these species on a renewing basis. fl Mcuginosa, which has remained 
a recurrent problem in burn sepsis despite effective topical th,~rapy, was 
brought on at a rate far lower than that seen five years ago, but still 
frequently enough to offer a new source of strains to keep the burn ward 
seeded. The incoming patient carrier rate has been low for the past two 
years, but this does not eliminate the probability that imcoming patients 
constitute a recurrent source of bacterial seeding in a burn ward. 
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ABSTRACT 

PROJECT NO. 3A161102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES 
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Sepsis as a major cause of morbidity and death continued with no 
indication of improvement in its control in 1973. Epidemic populations of 
Staphylococcus aureus, Pseudomonas ae rugi nos a and Pro vi denci a s tua rti i 
remained a. fixed part of the burn ward population; other species of 
Enterobacteriaceae, including Escherichia coli and Klebsiella pneumoniae, 
may have increased in incidence and as incitants of burn wound infection 
and systemic infection secondary to the burn wound. Staph aureus was 
most prominent in septicemia and on burn wounds, and the second most 
convnon organism in sputum. Providencia stuartii and Pseudomonas were 
the other major offenders in septicemia; for the first time E coli was promi­
nent in sputum and in burn wounds. Highly resistant strainsof gram 
negative baci Iii were a major factor in gram negative sepsis. 

Burns 
Staph aureus 
Providencia stuartii 
Sepsis 
Humans 

153< 



, 

10-l 

PATHOGENESIS OF BURN WOUND INFECTION: 
BACTERIAL FLORA OF BURN WOUNDS ON 

MILITARY PERSONNEL RECEIVING SULFAMYLON 
TREATMENT 

It Is almost an anomaly that, with years of intensive effort to control 
infection in burns, with the evolution of a massive armamentarium of new 
and broad spectrum antibiotics, and with development of three widely used 
topical agents for control of burn wound infection, that infection should 
sti II be the major factor in deaths due to burns, and that control of infec­
tion remains a continuing and an incompletely solved problem . Classical 
burn wound sepsis, as a primary lethal event occurring in an otherwise 
potentially viable burn patient, has become relati'lely rare, but late- occur­
ring burn wound sepsis, due to one of several species of Enterobacteriaceae 
or to Pseudomonas aeruginosa, is seen with disturbing frequency. Burn 
wounds from which eschar has separated but which are not suitable to accept 
skin grafts constitute a major threat to survival, and infection in such sites 
invoIv·ng a mixed microbial flora or a succession of species remains a fre­
ql:ently insoluble problem. The burn wound flora has not remained con­
stant from year to year . Alterations in incidence of species and the pre­
dominant flora observed in various sites of infection can be determined by 
scrutiny uf bacteriologic culture results, on an annual basis. Patterns of 
colonization are a fundamental aspect of the epidemiologic problems involved 
in infection control in burns, and this on- going study presents the infection 
patterns observed in 1973. ubservations on post mortem bacteriology are 
here summarized as well. Not infrequently definitive information on the role 
of bacterial species in burn deaths can only be determined by autopsy 
bacteri logy . 

The topical agent used in treatment of burned patients affects not only 
the flora on the treated patient, but also the wound flora on all burn patients 
in the burn wards. The information set forth here presumes that most of 
the patients, if not all , were treated with Sulfamylon. There were, in 1973, 
several patients treated with si Iver nitrate soaks, and an additional modi ­
fying factor was the very extensive use of 5% Sulfamylon soaks on burns 
after the second postburn week (Erickson DL, Hunt JL, Pruitt BA, Jr . USA 
lns~tute of Surg Res, BAMC, Ft Sam Houston, Texas Ann Rpt FY 73, Sect 
14) . These factors are significar • 'n the mi liew which affects survival 
of bacterial species on a burn. Treatment undoubtedly affects the total 
burn patient flora, and can account for changes which may be observed . 
Since infection is due to specific organisms, whose role varies with the 
presence of an environment that permits their survival, these institutionally 
modified bacterial populations are of fundamental concern in burn manage­
ment. 

ANTEMORTEM BACTERIOLOGY IN BURNED PATIENTS 

Total Cultures. The bacterial flora (plyeasts) cultured in 1973 is 
summarized in Table 1. The principal sources were the burn wound itself, 
sputum (or Luken's tube aspiration) and biopsies . Predominant species 
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Table I . BActerlology of Ant-tem Burn Patients - lt7l 

Source and Number Isolates 
Organism Wound Blood Lukens Urine 

Cath . TI~ 1.v. Fo ey Biopsy Total 
Surfaces Tlbe 

itaph mag . pos I 11 
CNg .neg UI 

Alpha hemolytic strep . 
Bela hemolytic strep . 
Croup A hemolytic strep . 
Non-hemolytic s trep . 

Oiplococcus pneumoniae 

CMynebacterlum sp . 

Bacillus sp . 

Pleudofflon• sp . Ill 

Mi--HerellH gp . 

Aeromonas sp . 

Klab oella pneumonlae 

Enterobacter Nrogenes 
cloacae 
hafnl• 
species 

Serratia -rcncer,s 

Escherichia coll 

Citrobacter sp . 

Proteus mirabolls 
,..,,gani, 

Providencia stuartll 

Nelsurla sp . 

Candida sp . (Ill 

"Escherich ia sp . • 151 

Nunt>er of Iso lates 

NUIN> r Patoents Cultured 

5111 .,. 
39 

2 
I 

II 

'1 

' lt0 

21 

] 

1111 

112 
10S 

7 

9 

159 

' 113 
] 

n, 

' 7l 

' 117) 

ltl 

Total Spec:,mens Rece 11ed 57911 

( 1 I Staph aureus 

lot 105 

7 " 

171 
10 
1 

Ill IIIO 

II 12 

] ] 

JO 242 

15 

2 

16 211 

] 

11 
1 

SJ 
,2 

7 
] 

9 

10 157 

5 

• 61 

7' 275 

21 

21 0 

n 

3211 "" 
150 130 

]] 

11 

JI 

51 

7 
12 

6) 

2 

30 
II 

77 

)9 

1112 

125 

7 

1 

2 

9 

2 

II 

l 
11 

II 

II 

1 

116 

II 

2111 

16) 

27 
15 

21 

" 1 

37 

II 
12 

I 

115 

II 

56 

17 

275 

,n 

135 
15 

16 

" •• 
• 

32 

10 
53 

2 

5) 

II 

Ill 

1011 

60'I 

106 

UI Staph . ep dermodo s on all In lane s on which d ef,n otove od nt ifo ca to on was mad 

I olatn 

1113 
212 

llll 
12 

1 
322 

106 

)7 

' 92 

50 

5 

571 

127 n, 
" ) 
211 

595 

" 170 
7 

an 
16 

262 

25 

5• 2 

Ill Ess nlially Ps Nrug,nosa; • small number of m11ltoph lloa . stulz ro and fluo, seen occurr d 
(Ill Most were C albicans . but other specie w , al found 
151 Thes rel' mbltd E. coll but did not conform to that ~pe ,es L ss frequently en ountered 

genera . on ludong Levine and Yer on la . may have en lnvolv d 
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Included Staphylococcus aureus, Pseudomonas (primarily Ps aeru1lfnosa), 
Klebslella pneumonlae, Escherichia coll and Providencia stuartll .hese 
have been the predominant species from all specimens cultureu for the 
past several years. In 1973 they made up 66.2% of all bacterial isolates. 
This Incidence has been remarkably consistent in successive years but 
shifts in the occurrence of these five species of , ,'portunisitic pathogens 
are noteworthy (Lindberg RB, Contreras AA. Smith HOD.Jr, Kirchgessner 
PM, Pruitt BA, Jr. USA !nstltute Surg Res. BAMC, Ft Sam Houston Texas 
Ann Rpt FY 73, Sect 11) . The incidence of these species since 1970 
Is sumnari zed in Table 2. In 1973 a sharp rise in incidence of Staph 
aureus occurred, as was the case also with E coll. Pseudomonas and 
Klebsiella strains have been recovered at a remarkably uniform rate, . 
in terms of total isolates. Providencia stuartii occurred far less frequently 
in 1973 than in 1972 or 1970; it virtually coincided with the recovery 
rate of 1971, and the overall picture is that of an important opportunistic 
species which fluctuates markedly in incidence over extended time periods. 
This appears to be the case with ~ coli as well. 

Table 2. Predominant Species Among all 
Clinical Isolates, 1970- 1973 

Species % of all Isolates from Clinical Specimens 
1970 1971 1972 1973 

Staph aureus 12.6 15.0 13. 8 19.6 

Ps aeruglnosa 13.6 12.4 13. 2 10.4 

Klebsiella pneumoniae 11. 5 9.7 11. 5 10.1 

E coli 6.4 11. 0 6. 1 10 . 4 

Pro"ldencia stuartii 21.0 15 . 2 23. 1 15.7 

\ of all isolates 65. 1 63.3 67.7 66 . 2 

Number of isolates 3293 3179 6696 5672 

There were 26 bacterial species or groups recovered from burn 
patients in 1973. Most of these were infrequent ·in producing invasion of 
burn wounds, or sepsis from some other site. A majc.,r part of the infec­
tion problem in the Institute of Surgical Research is concerned with five 
predominant species . 

Bacteriolroy of the Burn Surface. The burn wound is a uniquely sus­
ceptible site or infection, although It is not of necessity a major source 
of sepsis. Control of invasive wound sepsis is now a well - established 
par of modern burn management, and this is done primarily by topical 
therapy, up to the poln~ in the patients' course when debrldement and 
homograftlng or xenografting are carried out. Surface flora Is a m""'jor 
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source of the extensive environmental contamination that usually occurs 
In burn wards. Burn patients, once seeded, can shed a vast number 
of bacteria in their immediate e11vironment. 

Bacterial species recovered on the burn wound surface, and the pro­
portion of patients colonized are summarized In Table 3. The ·number of 
strains isolated Included surface cultures and biopsies, since both reflect 
the burn wound flora. Seventy-four per cent of all admissions were 
cultured at least once. 

Table 3. Predominant Burn Wound Surface Flora 
in 201 Patients, ISR, 1973 

Species 

Staph aureus 

Staph epidermidis 

Strep non-hemo* 

Kleb. pneurr.oniae 

Enterobacter cloacae 

E. coli 

Proteus mirabi lis 

Prov stuartii 

Ps aerugi nos a 

No.of 
Strains 
Isolated 

676 

94 

109 

180 

203 

212 

57 

340 

258 

* Strep v,ere primarily Group D. 

No. of Patients 
Positive on Burn 

Surface 

148 

41 

59 

67 

46 

78 

33 

79 

70 

% O\ .ients 
Positive 

73.6 

20.4 

29.4 

33.3 

22.9 

38.8 

16.4 

39.3 

34.8 

StaPb aureus was the most frequently encountered pathogen on burn 
wounds as it had been in the previous year. The strains were predom­
inantly type 84. This type has been endemic in this burn ward and 
vastly predominant since 1971. Antibiotic resistance of this epidemic 
strain was not as high as it had been in 1972, but it was still a major 
threat as a strain causing serious infection. Seventy-three and six-tenths 
per cent of patients had this organism on their burn ·wounds, a level close 
to the 69.6% incidence recorded in 1972. There were still 26.4% of 
patients who did not yield staph cultures during their hospital stay. The 
reason for this absence has not been determined. 

S~rh epidermidis was found on burns of one-fifth of patients admitted 
to t s Institute. This was a marked increase over the Incidence in 1972. 
While It is not necessarily an indicaUon of a new pathogenic problem, 
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this Increase was the basis for more careful scrutiny of the behavior of 
Staph epldermldls In the burn wound. The strains were recovered In 
most Instances early In the course of the patients' illness. and In cases 
where sepsis or pneumonia supervened, the coagulase negative staphyl­
coccl tended to dl5appear. 

Non-hemolytic Streptococci occurred on burn wound surfaces at a 
relatively constant rate, on approximately one-fourth of the patients 
cultured. These strains were almost entirely .Lancefleld Group D. They 
were occasionally the cause of sepsis, and 14 episodes of septicemia were 
caused by this organism. 

Klebsiella pneumonlae was an important part of the burn wound flora 
numerically. although the proportion of patients harboring It decreased 
in 1973 from a high level of 43\ observed in the previous year. Other 
Enterobacteriaceae of major importance included Enterobacter cloacae, E. 
coll, Proteus mirabl lis and Providencia stuartii. The proportion of -
patients from whom these species were recovered did not vary markedly 
from that noted In 1972; if anything, there was a drop in the percentage 
of patients with positive burn cultures. This was also the case with Ps 
aeruglnosa; In 1972, 40.2\ of patients harbored this species in wounds 
at some time durl'lg their hospital stay. This proportion was 34. 8% in 
1973. Such variation does not sugge~t any striking change in the burn 
wound flora during 1973. 

An opportunistic pathogen which is now rare. Group A Streptococci, 
changed its Incidence strikingly in 1973. After several years of extreme 
rarity, a series of small epidemics occurred among burn patients in 1972. 
This was the year when routine prophylactic use of penicillin on incoming 
patients was discontinued. Fifty-six strains were recovered from 31 
patients in that year ,as shown In Table 4. In 19i3, only one strain was 
recovered from a wound, and two more from bronchi al cultures . The 
cause of the unusual incidence observed in 1972 WdS, of course, assumed 
to be the discontinuation of use of routine penicillin G on incoming patients, 
but the diappearance of the organism in 1973, despite the absence of 
routine prophylactic penicillin, makes this explanation less likely. The 
marked variabi lily of behavior of woundinfecting species is underscored 
by these changes in Group A Streptococci . 

Year 

1969 
1970 
1971 
1972 
1973 

Table 4. Incidence of Group A Streptococci on Burn Wounds 

Nr. of Strains of Group A 
Streptococci Recovered 
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RESPIRATORY TRACT BACTERIAL FLORA IN BURNS 

Pneumonia has become, in the past four years, a major cause of 
death In burn patients. The disease Is one in which various opportunis­
tic invaders may function . as the actual infecting agent, but the disease 
appears more as one in which an opportunistic organism invades a site 
pre-disposed to its entry by preexisting damage or a poorly functioning 
defense mechansim. The increasing concern of clinicians with the res­
piratory aspect of burn injury is reflected In the number of sputum and 
Luken's tube samples submitted for culture. The number of samples 
increased from 287 in 1971 to 721 in 1972 and to 847 in 1973. These 
figures suggest, at the least, a concern for the respiratory problem in 
burn patients, if not an actual increase in symptoms of pneumonia . 

The results of sputum cultures, for the most important species re­
covered, are shown in Table S. The comparative figures for proportion 
of patients positive are set down for 1971 and 1972 as well. There was 
an actJal rise in the incidence of Staph aureus. from 38. 5% in 1972 to 
56.9% of patients cuitured in 1973.--rithe same time, in increase in 
staphylococcal pneumonia was noted among patients on ~he burn wards . 

Klebsiella pneumoniae remained the most prominent part of the sputum 
flor&1 in burn patients. since 60% of patients cultured harbored this 
species. It was not, however, the princpal offending agent Ir. bacterial 
pneumonia . This role was occupied by Providencia stuartii, although a 
smaller proportion of patients harbored this organism than was the case 
with Klebsiella pneumonia. Providencia actually dropped 16% in inci-
dence in sputum cultures In 1973, but it was the predominant organism 
in clinical pneumonia. 

Table S. Principal Species of Bacteria Recovered 
from Respiratory Tract of Burned Patit-nts, 1971-1973 

Species % of Patients Exhibiting Positive Sputum on Culture 
1971 1972 1973 

Staph aur<•us 43 . 0 38 . S 56 .9 

Klebsiella pneumonia 45 .0 58 . 8 60 .0 

Enterobacter cloacae 11 . 0 27 . 0 23 .8 

Escherichia coli 27 . 2 40 .9 53 . 8 

Proteus mirabilis 19 .0 10.8 

Providencia s tuarti i 33 .0 56 . 5 40 . 8 

Pseudomonas ae~uglnosa 39 .0 38 . 5 36 . 2 

Patients cultured 94 
159< 
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Pseudomonas aeruginosa, which continued to play a significant ~ole 
in lethal pneumonia, remained almost ..iniquely constant In its rate of 
appearance in sputa in 1973. It was remarkable that this ubiquitous and 
effective opportunistic invader displayed, over this three-year period, 
a maximum v·riation of only 2.8% in incidence on an annual basis. The 
presence of fseudomonas and Providen ·la toget~r as predominant organ· 
isms in a sputum with a bacterial content of 10 or greater was one of 
the most serious prognostic bacteriologic signs. Such patients were among 
th,; highest risk category in terms of mortality ascribed to pneumonia. 

Enterobacte, cloacae and E. coli continued, in 1973, the trend toward 
Inc reased incidence first seen fn7972. Neither species caused a marked 
rise in sepsis or septicemia, alth ugh a discernible increase in L coli 
septicem· a was suggested by the cu ltured result- . 

SEPTICEMIA ANO BACTEREMIA IN BURN PATIENTS 

It has been observed with a certain df'gree of surprise that, despite 
an ever- increasing armamentarium of antibacterial drugs, both topical 
and systemic, that sepsis a11d blood stream invasion remain the major 
cause of death in burns. Septicemia in a burn patient is today, as it 
was three decades ago, a grave threat to survival. Blood cultures in 
this, as in other burn study centers, are collected at the least sign of 
impending sepsis, and often in a serial fashion in any patient who re­
mains febrile. In 1973, there were 150 patients from whom blood cul­
tures were collected. Eighty-one , or 54.0% of these. exhibited at least 
one positive culture. This rate of positive cultures w~s in the same 
ra,,ge as the 47% rate observed in 1972. The rate of bacteremia has 
apparently risen from the incidE:nce of 3oi of positive blood cultures which 
occurred in 1971. There were 1119 sets of two-bottle blood cultures 
collected, for an average collection of 7. 4 cultures per patient. In 1971 
the rate had been 7. 5; in 1972, many more cultures were collected.and 
~ e rate in that year was 11. 8% cultures per patient. 

Results of blood cv tures from 150 patients in 1973 are summarized 
in Table 6. Predominant species inclJded ~ aureus, Ps aeruginosa, 
Klebsiella ~neumoniae, Providencia stuartii,~dida sp, and non- hemolytic 
streptococc . Eighty -one patients exhibited at least one positive blood 
culture. Of these, 42,or 51.8%, yielded only one species of bacterium . 
The remaining 39 yielded two or more species in successive blood cul­
tures. Among those species which occurred often enough to be numeri ­
cally important, survival rates for patients with positive blood cultures 
were not encouraging . Table 6 sets forth the incidence of different bac­
terial species and the outcome probablity in relation to species of organism 
invading the blood stream . In particular, the outcome in patients who 
had Staph aureus septicemia at some stage in their illness was not en­
couraging . Seventy per cent of these patient died. A1nong the same 
group in 1972, the death rate in this group was 49 %. This included both 
patients with multiple species present in succe;,slve blood cultures, and 
those with only a staphylococcus bac teremia . 1'",e death rate for the 

160< 
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latter group was much lower. Numerically important species included 
the gram negative baci II i enumerated above. With these, when all 
patients with a given species were included, mortality ranged from 77. 7% 
with Klebsiella sp to 90. 0% for Providencia stuarti i. 

The patients with only one species recovered offer a different per­
spective on septicemia and lethality than is the case with mixed infec­
tions. The number of patients with each species is shown in Table 7. 
The death rates for Providencia and Klebsiella infection were extremely 
high. Other gram negative species were not numerous enough to offer 
significant data. Staph aureus was recovered as the sole iJlood stream 

· invader in 12 patients; 4 died. When recovered as the sole blood 
stream pathogen, the survival rate was far better than when it was one 
in a succession of invaders. 

Table 7. Bacteremia with Only One Species 
Recovered, Burn Patients, 1973 

Species 

Providencia stuartii 

Staph aureus 

Staph epidermidis 

Klebsiella sp 

E coli 

Enterobacter c oacae 

Pseudomonas sp 

alpha hemol. strep 

non-hemol. strep 

Bacillus sp 

Candida sp 

Totals 

Total Patients 
Positive 

8 

12 

3 

1 

3 

1 

3 

1 

2 

1 

1 

42 

Deaths 

6 

4 

1 

6 

2 

1 

2 

1 

1 

1 

0 

25 

% 

75.0 

38.3 

33.3 

85.7 

66.6 

66.6 

Blood culture findings when a succession of two or more species were 
recovered, or when mixed cultures were recovered in jl single specimen, 
are summarized in Table 8. These are the results observed in 39 patients 
during 1973. A very heterogeneous flora characteril:ed almost half of the 
burn patients who developed sepsis . Only in five instances did a com­
bination occur more than once. Two of th" 0 . In which Staph aureus 
occurred in conjunction with Providenceia ,. .,ne combination and with 
Pseudomonas and Providencia in the other, each occurred In four patients . 

162< 
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Table 8. Blood Culture Results in Patients with 
More than One Species Recovered, 1973 

Species Recovered 

Staph aureus, Prov. stuartii 
Staph aureus, Pseudomonas, Prov. s tua rti i 
Staph aureus, Pseudomonas 
Staph aureus, Prov.stuartii,Candida 
Staph aureus, E. coli 
Staph aureus, Prot.mirabilis 
Staph aureus, Corynebacterium, Prov. stuarti i 
Staph aureus, Corynebacterium, Prov.stuartii, Staph 

epidermidis, Candida sp 
Staph aureus, non- hemolytic strep, Klebsiella sp 
Staph aureus, Corynebacterium, non-hemolytic strep, 

Pseudomonas 
Staph aureus, Pseudomonas, E. coli, Entero.hafniae, 

Prov. s tuarti i 
Prov. s tuarti i, Candida 
Prov. s tuarti i, non-hemolytic strep 
Prov. s tua rti i , Pseudomonas 
Prov. stuartii, Prot.mirabilis, Pseudomonas, 

non-hemolytic strep 
Prov.stuartii, Pseudomonas, Entero. aerogenes, 

Entero. cloacae, Candida 
Prov. stuartii, Candida, non-hemolytic strep 
Prov. stuarti i, Candida, Staph. tipidermidis 
Prov. stuartii, Pseudomonas, Prot. mirabilis 
Prov. stuartii, Candida, Entero. cloacae 
Prov. stuartii, E. coli 
E. coli, Klebsiella sp, Entero.aerogenes 
Klebsiella sp, Candida 
Entero.cloacae, non-hemolytic strep, E.coli,Candida 
Entero. cloacae, Candida 
Entero. cloacae, Staph. epidermidis 
Pseudomonas, non-hemolytic strep, Candid~ 
Staph epidermidis, Corynebacterium, Candida 
Staph epidermidis, Bacillus sp 
Candida, Bacillus sp 
Total Patients 

No. Patients 

4 
4 
2 
2 
1 
1 
1 

1 
1 

1 

1 
2 
1 
1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

39 

% of all Positives 
No. of patients with 2 spp recovered 19 23.4 
No. of patients with 3 spp recovered 14 17.2 
No. of patients with 4 spp recovered 3 3.7 
No. of patients with 5 spp recovered 3 3.7 
No. of patients with one spp recovered 42 
Total with positive blood cultures 81 51. 8 

163< 
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Staphylococci accompanied Pseudomonas in two patients and in two others, 
occurred with Providencia and Candida. There did not appear to be a 
uniquely lethal infection sequence. In general, Staph aureus appeared 
early in the patients course, with gram negative baci Iii appearing later . 

BIOPSY OF BURN WOUNDS 

Diagnostic and prognostic criteria of burn wounds have been assessed 
in increasing degree by biopsy of wound areas, with spE d es,predominant 
organism , and total number of bacteria all contributing to the diagnostic 
effort. There has come to be an increasing emphasis on the count of 
viable bacteria as a major index of nature of bacterial involvement in the 
burn wound. The relation of species recovered in b " opsy to likelihood 
of survival may be revealed in some degree by summarizing data on 
biopsies collected. 

Table 9 summarizes the species recovered from biopsies on 106 
patients during 1973 . This is the largest group of patients to be thus 
s tudied in one year in this Institute. In terms of number of patients po~i ­
tive, Staph aureus, Pseudomonas, Klebsiella pneumoniae, Enterobacter 
cloacae, E. coli and Providencia stuartii were the most important species . 
Patients with positive biopsies for these species had a relatively high 
mortality rate: from 50% with ~taph aureus to 66% with E. coli. There 
is, of course, no valid basis or regarding these phenomena as causally 
related, but these data are consistent with other indices of systemic in­
volvement with invadir.;J microorganisms. The remaining species recovered 
were numerically of less importance, although they could be associated 
with a mortality rate as high as that seen with the predominant species. 

A retrospective c,,nsideration of biopsy flora and the mortality rate 
in patients culturprJ by this means was assembled by comparing results 
from 1969 to 1973 . Table 10 presents these results. The recovery rate 
in biopsies varied from year to year but was more noteworthy for the 
relative constancy of occurrence of several of the major species. Provi ­
dencia was the most variable of this group of infecting agents; on an 
annual basis it fluctuated between 56% and 66%. The mortality rate among 
patients positive for the different species fluctuated in a manner not 
consistent with the incidence of the organism. The staphylococcus- posi­
tive group had the highest death rate in 1973 of any year thus far ob­
served. The death rate associated with Providencia cultures was high, 
but it had been higher in 1971. Klebsiella was markedly higher in 
association with mortality than it had been in 1972, as was E. coli, and 
Proteus mirabilis, although its numerical incidence was low.exhibited 
an associated death rate far higher than that for any previous year. The 
comparison suggests a relatively high death rate for the whole burn 
population in 1973, rather than a specific association with any one species 
in the series. 

164< 
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Recent recognition of burn infection due to Providencia stuarti i on 
an epidemic scale have prompted more detailed study ".) this little- known 
opportunistic invader. Variations in its frequency of •)ccurrence have been 
seen, and its natural history as infecting agent in a susceptible popula­
tion is not known. The severity of these infections in this burn center 
has exceeded t~at of outbreaks reported elsewhere {Zawacki, B Personal 
communication) . Incidence of Prov. stuarti i in clinical and autopsy 
specimens in 1973 is su.mmarized in Table 11 . Among clini cal specimens, 
it was slightly less common on the wound surface than in w9und biopsies, 
where 36. 8% of all patients, and i6% of all samples were positive. One­
fifth of all patients with blood cultures collected had Prov. sluarti i re­
covered. Sputum samples were the most heavily colonized of all clinical 
specimens, and in burn autops,es, 53.8% of 91 patients harbored the 
organism in the lung. The highest concentration of all was observed in 
autopsy burn wound samples; with 59.3% of samples positive . The inva­
siveness of t1is opportunist is strongly indicated. 

A comparison of the frequency of occurrence of this i mporlant burn 
pathogen since 1969 is shown in Table ,2. There has been a fluctuation 
of frequency of Prov. stuartii in successive increments of burn patients . 
Septicemia caused by Prov . stuartii was most frequent in 1971, although 
the highest frequency in sputum biopsy and wound surface occurred in 
1972. Although there was a slight drop in frequency of recovery in 1973, 
there is no reason to regard the problem as controlled, and it remains 
a major threat to survival in the severely burned patient. Since all 
strains were completely cross- resistant to antibiotics, this therapeutic 
approach remained ineffective in 1972. 

1.V. CATHETER TIP CULTURES 

The policy of regarding indwelling I. V . catheters as a major cause 
of intravenous infection has made surveillance of this entity an on- going 
project. In 1973, I. V. catheter tips from 163 patients were cultured . 
Four hundred seventy-five catheter tips were cultured . The bacterial 
flora recovered differed qualitatively from that seen on wound surfaces ; 
it suggested a species differential potential for colonization of the indwell ­
ing catheter. The species r<!covered are shown in Table 13, Staph aureus 
was the most commonly encountered organism; of the other species impor­
tant in causing sepsis in burns, only Providencia was encountered at a 
significant rate. Ps aeruginosa, Klebsiella and Enterobacter sp were far 
less frequently encountered than would be expected with the incidence of 
these species on the burn wound and in the respiratory tract . Local i za­
tion of bacteria on the catheter tip is, in view of this information , a pre­
sumably selective phenomenon. 

DISCUSSION 

Sepsis as a complication of burns remain a criti ca l factor in burn 
wound pathology . The continued elevated mortality s en in 1973 and the 
higher colonization rates for opportunistic invaders suggest that this 
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Table 12. Percent of Patients Cultured who 
Harbored Providencia stuartii 

J 
Year Site of Culture and % Positive 

Wound Biopsy Blood Sputum 

1969 46 51 32 .9 54 . 4 

1970 43 . 7 45.6 14.0 67 . 7 

1971 34.0 40.0 36.5 33.0 

1972 49.5 55.4 23 .9 56 . 6 

1973 34.0 36.8 20 .0 40 . 8 
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Table 13. Bacterial Flora of I. V. Catheter Tips 
from 163 Burn Patients, 973 

Species No . Patients Positive % of Patients Positive 

Staph aureus 

Staph epidermidls 

Non-hemolytic strep 

Corynebacterium sp 

Bacillus sp 

Pseudomonas sp 

Mima group 

Klebsiella pneumoniae 

Enterobacter aerogenes 

Enterobacter cloacae 

Ser,·:?tia sp 

E. coli 

Ci trobacter sp 

Proteus mi rabi I Is 

Prov . s tua rtl I 

Candida sp 

Escherichia sp 

. 

37 

8 

13 

2 

2 

8 

2 

10 

3 

9 

4 

10 

1 

1 

27 

170< 
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5.5 
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problem has indeed become more acute in the past 2 to 3 years. The 
principal offending species in most sites included Staph aureus which 
has appeared in several infection sites with increasing frequency in the 
past 2 years . Elsewhere the biology of this epidemic situation is treated 
in greater detai I. Among gram negative opportunistic invaders Provi­
dencia stuartii was still conspicuous but less so than in 1971 and 1972. 
Klebsiella pneumoniae and E coli were more conspicuous than they had 
been in 1973, and recurrent small epidemics of Serratia marcessens 
served as a reminder that this opportunist retains a degree of invasive 
capabi lily not seen in other enteric bacteria. The concentrations of 
Providencia stuartii continued to indicate tissue-invading capability of 
this little understood enteric form. There was a continued indication 
that Klebsiella pneumoniae has increased in pathogenic potential in the 
past two years; both in overall incidence and in recovery from patients 
with sepsis, this species has increased in significance in burn wounds . 
The high levels of antibiotic resistance sti II seen in Enterobacteriaceae 
and especially in Providencia militate agai ; t successful control of sepsis 
due to these forms in burn patients. 

REFERENCES 

1. Erickson DL, Hunt JL. Pruitt BA, Jr : Five percent aqueous 
sulfamylon soaks used in topical treatment of burned soldiers . USA Inst. 
Surg Res, BAMC. Ft Sam Houston, Texas, Ann Rpt FY 19 73, Sect. 14. 

2. Lindberg RB, Contreras AA, Smith HOD, Jr, Kirchgessner PM, 
Pruitt BA, Jr: Bacterial flora of burn wounds of military personnel 
receiving sulfamylon treatment. USA Inst Surg Res, BAMC, Ft Sam 
Houston, Texa-., Ann Rpt FY 1973, Sect. 11. 

3. Zawa, ki B · Personal cr>mmunication, 1973 . 

PRESENTATIONS 

Lindberg RB . Nosocomial Infections in Trauma Patients. Sy po ium 
Am Soc for Microbiology, Miami, Fla, May 8, 9173. 

Lindberg RB . Gram negative Opportunistic l'lfections . Mayo Clinic 
Roc~est~r. Minn. June 20, 1973. 

Lindberg RB. The Microbiology of Burns . Baptist ·Memori I ttospital, 
San Antonio, Texas, October 24, 1973. 

PUBLICATIONS 

Llnd~erg RB. Culture and Identification of Commonly Encountered 
Gram-negative Bacl II . Chpt. 2. OPPORTUNISTIC PATHOGEN . J . E. Prier 
and Herman Friedman {eds) . Univ Park Pre s, Baltimore, Md . 

171< 



of Pseudomonas Aeru inosa Fourd in Burned Soldi rs 44) 

In-House 
IL MIOU11Ca1 llttllATI • ._, ....... L • AM-.. t. •••Cll"----1 

• DATuJl•••cT1v•1 

~ •UIIN•• 

...... , ....... ,....,.,. 
f,CUW . AMT • .6 14 

•- US Army Institute of Surgical Research ... ,•US Arrrry Institute o Surgica Researc 
Hi crobi o 1 ogy Branch 

•-••• Ft San Houston, Tx 78234 

.............. VIMIAL 

•-Basil A Pruitt, Jr, COL, HC 

-••Ft Sam Houst n, x 78234 

•- • • Robert B Li 11dberg, PhO 
m, .. _, 512-221-2018 

1-.;..;.;:_:;.;.;;.;."""-l.lL-.Lll:.!.l_-..1:.L.a..=O:__ ___________ _, •c•• u cu•tt• •ccou•t •t.t11N• 

OREIGN INrELLIGENCE NOT CONSIDERED •-• R L Latta, BS .... 
Pseudggpnas; (U) Phage txping; Cu) Burn wunds; · · 

.. 1.•c.~ r'l.'""'··· ... ·•--•c• . ... ..,,.... ,,.._, ...... .., ,,..,,,.,. ................. .._ ,,.,.. ...... -' ....... ...-:•, c:r•···--- ~ , 
2,. lU Pseudomonas aerug1nosa has remained a major ~~•~o in letna burn infections 
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sepsis. No socomi al infections in pati nts with traum.:tic injuries other than thermal 
continue to increase. Precise delineation of identity of infecting strains thus 
continues to be urgently needed, and phage typing as developed in this laboratory, is 
an effective procedur for nitoring effectiveness of therapy, the recognition of drug 
resist•1t forms, and the int rpretation of environmental contamination. 

24 . (U) Cl ~~ic al phage typing p.-ocedures, ..tii h formerly categorized over 90% of 
· ol ates, now fai 1 to di ffor n ti at an accept ab I e proportion of strains To correc t 
th is d fi ciency , concei,trat .d typing fluids of the original typings tare used to typ 
otherwise n n-typable s t rains . The concentrat d fluid are us din a manner COfll'•rable 
to that us d for conven ional phage typing. 

2S . (U) 7 ~7 - 74 06 Approxim tely half of th 788 trains studied in 1973 required 
cone ntrat d t)ping fluid for typing. Among those re ting only with undilut d phage, 

her wer 27 diff ren t ly i c p tt rns. Thr e-fourth s of these f 11 into two lyti c 
patterns which wer thus th s t frequently en ount rd typ s . Th st c01T1110n 
pattern, NT-S, had b en found in 1972 in only of 11 patient. Six months later it 
abruptly reapp ar d and remained in epidcmi form through 1973. A uni e epidemi c 
outbr ak of a form d si gnated typ A-71 involv d 1 of all patient s during• S- nth 
period. It was not rthy as a tra ·n entirely r fractory to topical tr atment in th 
exper imental animal model. Phag lo s -v riants of thi s epid ic off red a new 
opportunity to study virul nee me hanisms of Pseudomon1s aeruginos1. 
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ABSTRACT 

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

REPORT TITLE : BACTERIOPHAGE TYPES OF PSEUDOMONAS AERUGINOSA 
FOUND IN BURNED SOLDIERS 

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

Period covered In this report : 1 July 1973 - 30 June 1974 

Investigators : Ruth L Latta, BS 
Robert B Lindberg, PhD 
Basil A Pruitt Jr, MD , Colonel MC 
Arthur D Mason, Jr , MD 

Reports Control Symbol MEDDH-288(R1) 

The continued Importance of capability for precise strain recognit ion 
of Pseudomonas aerrrelnosa In burn wards led to further definitive re­
finement of the lnstTute of Surgical Research typing system . Strains 
n ,itypable by routine tnt dilution were effectively typed with undiluted 
pha~e. in a pattern which retained type dnignations from previous years . 
A set of stable phages which were part of the original 18- phage typing 
set were used effectively. All but 2\ of 711 strains recovered from burn 
ward patients were typed. Predominant types varied widely from those 
seen in preceding years. A major epidemic of type A- 71 presented 
a test of recognition of a nosocomlal Infecting strain , complicated by the 
presence of unique virulence and drug resistance . Recogni tion of epi ­
demic patterns and tracing of variants of these strains In a hospi talized 
population was achieved with precision. 

Pseudomonas 
Phage typing 
Burn wound 
Topical chemoth<lr PY 
Human 173< 
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BACTERIOPHAGE TYPES OF PSEUOOMONAS AERUGINOSA 
FOUND IN BURNED SOLDIERS 

Pseudomonas aeruglnosa £xlsts In a unique relationship to burn wound 
lnfecti,ln. Many other species of bacteria, together wltt\ yeasts, fungi 
and viruses can Invade burn wounds, but few are able to initiate a pro­
gressive Invasive Infection extending from damaged tissue to adjacent 
normal tissue, nor are they ,as Individual species, associated with lethal 
Infection secondary to burn wound colonization. Since strain differences 
In virulence and Invasive potential have been demonslrated for Ps aeru­
~ In experimental models, the role of difference:; In vln. lence '"ind' 
drugsusceptiblllty are a plausible basis for differences In severity of 
Infection, epidemic spread and lethality in P :-udomonas burn wound In­
fection. To assess these differences In a burn population, recognition 
and differentiation of ~trains of the organism are essential. ~!. aeru9inosa 
frequently pervades the e:nvironment of a colonized burn patient, an 
uch seediny and epidemic spread can only be recognized by precise 

a train differentiation. Such dlfferPntiation can be achieved with great 
precision by an affective bacteriophage typing system, and this approach 
has been used in this Institute since 1961. Several mod:fications,directed 
toward improving the sensitivity and differentiating capability of the typ­
ing sy tem, have been Introduced into the typing s~t. The system is 
still subject to periodic review and alteration of typing strains or of 
tedmlcal procedure if Indicated cpnct>erg RB, Latta RL, Brame RE, 
Mcncrlef JA. Bact Proc 1964, 81 ; Latta RL. Lindberg RB, Pruitt BA,Jr. 
USA ln~t Surg Res, BAMC, Ft Sam Houston, TX, Ann Res Rpt FY 70, 
Sect. 18 ) . The Incidence of nontypable strains grew with passage of 
time, and alterations which would permit strain recognition have had to 
be made. 

MODIFICATION OF PHAGE TYPING SYSTEM 

With the increase of strains not typabl by the conventional diluted 
phage procedure, modifications have been made . ~evlew of the large 
collection of phages which were acq\Jlred In deriving t~e original typing 
set did not uncover new effectiv typing strains . The basic technic was 
then modified, as decribed prev ously (Latt RL, Lindberg RB, Pruitt BA , 
Jr, Mason AD, Jr . USA l~st Surg Res, BAMC . Ft Sam Houston,TX,Ann 
Res Rpt FY 73, Sect . 12) Undiluted typing fluids, In which stable 
pyocln elements may exist, were tested for lytic ability . With this 
approach, lysls of a major part of the •nontypable• population could be 
achieved, and an effective differentiation of strain identities was achieved . 
At the same time, a search for new t.yplng phag s was mad among lyso­
genic isolates of Ps aeruginosa . Five new phag were collected, and 
tentatively Incorporated in the typing schema . These were assigned 
nunt>ers - 16, 17, 19, 125 and 137 - to di tingui h th m from earlier 
strains which wer designated by numerical designation only . In 1972, 
a trial was m.de in which five phag s which had become t adily less 
active aga n t ucces Ive isolat w re dropped: th e w re 2, 7. 352 . 
Fl0 and Ml& . Thi :a 1110dified et w ; u d for typing I olat through 1972 . 
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However, It has appeared, In light of subsequent experience, that not 
enough was gained by dropping the orlglnal phages to merit this altera­
tion of continuity In type designations. In either event, two levels of 
sensitivity to phage typing fluid were used in typing Ps aeruginosa strains. 
The Initial typing was with a Routine Test Dilution (equal to or greater 
than a 1: 1000 dilution of phage). Strains not lysing with this procedure 
were retested with undiluted phage. Phage patterns were set down in 
the same manner for reactions at eithe,· strength, but the pattern was 
marked with i'n asterisk to denote an undiluted phage typing identity. 
When lysls occurred at the RTD, it was set down simply as a listing 
of the phages In their estab lshed order. Phages 2, 7,352, Fl0 and M4 
were one incorporated in the ~ping set, and the five new phages were 
removed to re-establl,;h the or iginal typing sequence of 18 phages. 

The nature of lysis with undiluted phage remains to be clarified. 
The plaque behavior resembles th of bacteriophage, but this does not 
account for the singular and extreme loss of titer which occurs ith non­
typability at the routh e test dilution. It has been postulated th t the 
lysis with concentrated fluids is due- to stable pyocins which are elabor­
ated during phage preparation. Since many pyocins are labile, the:;~ 
lytlc agents represent a fortuitous selection of propagating strains which 
produce stable, reproducible agents. In any event, as epldemiologic 
application has shown, the mixed system is entirely effective as a typing 
method, and its use permits extension of previously collected data on the 
behavior of Pseudomonas populations in burn wards. 

RESULTS OF TYPING WITH DILUTE AND UNDILUTEC BACTERIOPHAGE 

During 1973, 97 patients harbored Ps a ru~nosa, and 788 strains were 
typed. The colonization rate was questTonablyigher than is reflected 
In the number of patients with positive cultures, but the organism was not 
sought pecifi !:ally. The pr dominant phage types occurring in th is ~urn 
population are summarized in Table 1. The type patterns include the 
concentrated phage reactions, which are listed with code designations 
in the NT series, and dilute (RTD) patterns which are listed without 
asterisk ,md with the code designations as used in earlier reports n this 
topic from this laboratory. 

There were 54. % o! strains nontypable by RTD in 1973, in contrast to 
68\ of Slich strains in 1972. The e 428 trains were typed using the full 
set <.f 18 Institute of Surgical Research undiluted phages, and 27 different 
lytlc patterns were der ved . The major part of the nontypable tr iris 
fell into one of two lytlc patterns with undiluted phage typing. Th re­
maining types among nontypable trains w re maller in number than 
were strain typable by RTD. Out of th 4211 trains nontypable by RTD, 
328 , or 76 . 6 , f II into pattern NT4 or NT5 . Thirty- five more tr in 
were patt rn NT18, nd th r maining 65 train fell into 24 diff~rent 
lytic pattern . Th ame y tern of di luted and undl luted phages used 
In 1972 detected a pattern NT2, r pr nting reaction (21) ,lf4, 1214, (68), 
109, (119X) ,Fa . Thi t')pe mad up :t9 of all trains recov red . In 1973, 
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not one strain of NT2 was recovered. Another extensive pattern seen in 
1972, NTl, also disappeared completely in 1973. 

Table 1 shows the code designation for each type and the detailed 
phage pattern. Phages with ( ) are those which sin the pattern listed 
are Inconsistent in reaction. They may fai I to lyse or may react up to a 
3+ lysis level. The most meaningful criterion in distribution is the in­
cidence rate of individual types among patients, since some patients may 
be the source of a large number of isolates 'Nhich would distort the in­
cidence pattern. 

Type NTS was the most common strain occurring during 1973. It was 
found in 22. 7% of patients positive for Pseudomonas. It was found in 
small numbers in 1972; 3% of patients harbored it. It appeared from 
August to November 1972, then did not reappear unti I May 1973, and then 
on only one patient. It quickly spread to become the predominant strain. 
This prolonged disappearance and reappearance is exactly the behavior 
seen in previous years with other, unrelated types. 

Type NT4 was almost as common as NTS. This was a new type; it 
had not previously been seen. 

Strain A-71, with two sub-types, A-71#2 and A-#3, were three distinct 
patterns which resembled a type with two I ss variants. Type A-71 was seen 
in three patients in December 1972; it continued to appear in 1973 until June, 
at which time it disappeared abruptly. It behave<.J as a recognizable, obviously 
transmissible strain in the burn ward population, and during its stay was 
(:learly the epidemic type. Type A-71 was found in 14. 4% of patients; type 
A- 71 #2 and A-71 #3 were less common and were found in 6. 2% and S. 1 % of 
patients respectively . This strain was relatively tolerant of Sulfamylon, and 
to antibiotics. Although its stay in the burn populaL,n was a period of peak 
colonization and s 1~psis due to Pseudomorias, it could not be shown that the 
strains w re treatment refractory in patients. 

Pl1age type 119X, coded M2, occurred in 5% of patients positive for 
Pseudomonas. The incidence was the same in 1972; this is a type which 
persists but does not enlarge its foothold. 

Thert:! were seven more types found each in two patients. One of 
these, NT18, reacted only with undiluted phage. Interestingly enough, 
none of these types of low incidence had been observed in 1972, nor 
did comparison with the 1972 data show that any of the five types occur­
ring in 5% or less of patients were recovered in 1973. The frequently 
~mphasized heterogeneity of the Ps aeruginosa population was reaffirmed 
in 1973. Whatever else happens to its ·population, this species continues 
to appear in a wide range of different phage types. 

In Table 1, the total of types listed made up 74 . 2% of the types as 
distributed by patient. There were, out of the 788 strains typed, 29 
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which reacted at the dilute, RTD level, and 24 NT strains, for a total of 
53 different types each of which occurr~d in only one patient. This 
vast number of individual, different phage types is a valid finding of 
individual strain identitie;, Significantly, other so-called "typing" 
systems, in particular th'.! designation of seven "immuno-types" 4by Fisher 
(Fisher MW, Devlin HG, Grabosik FJ. J Bact, to be published) en­
compass many individual phage types, or for that matter, pyocin types . 
Thus, the presumably simple typing system using seven sera is seen to 
be, in reality, a grouping system. While it is useful in some situations, 
it does not permit even reasonably precise reactions of identity with 
individual strains. Different strains would thus be grouped incorrectly 
into a "type" which was really heterogeneous. 

The striking change that occurred in the burn ward flora was the 
greatly increased number of strains typable only with concentrated phage, 
and a disapparance of phage types that had for years been pres~nt in 
significant numbers. Type 21, 68, for example, has been so ubiquitous 
that it has been regarded as a major phage type throughout the country. 
Yet it did not appear in 1973 in even two patients. Other major epidemic 
types in earlier years included H 3, M2, and F12. Only M2, among these, 
was recovered in 1973, and then in only two patients_. 

Sepsis due to Ps aeruginosa is usually manifest as positive blood cul­
tues. Such septicemia has an extremely high mortality rate. The major­
ity of positive Pseudomonas blood cultures occurred within 48 hours of 
death, and it is often remarked that P~ aeruginosa appears to have a unique 
ability to invade the terminally ill patient. During 1972 an 1973, pul­
monary complications were a conspicuous feature of seriously or fa ally 
ill patients, and there was an obvious sequential relationship between 
Pseudomonas · infection of the lung and septicemia. Pseudomonas frequently 
appeared in sputum several days or more before it was found in blood 
culture. Comparison of strain identities of Ps aeruginosa from lung tissue 
at autopsy and antemortem blood cultures was made, to conf rm the pre­
sumed relationship of these two manifestations of sepsis. P. \age types of 
Ps aeruginosa from blood culture and autopsy lung tissue were set down 
in matching chronologic sequence, as st own in Table 2. 

The ,43 patients with blood or lung cul tures positive for Pseudomona 
are listed by patient accession number, in ch ronologic sequence. Each 
patient is listed in the month in which he h d either a positive blood 
culture or lung tissue at autorsy . Nineteen patients had both positive 
blood and autopsy lung tissues. Twelve had only positive blood cultures 
and 12 had only positive lung cultures. The mort lily rate for patients 
with Pseudomonas in blood or lung is extremely high; of the 43 patients 
listed here, only fouir (9.3%) survived. The numb r of cultu res listed 
refers to positive blood cultures; often there were la !"'qe numbers of nega­
tive cultures collected during the patients' course. Th£.re were two in­
stances, in patients #142 and #182, in whi ch two different types were 
recovered from blood cultures . The remaining 29 patients with positive 
blood cultures each yielded only one type . 
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Teble J, Ptl•te T11•• of '••ucl-ne, frOIII lloocl Str•• end ,o,t i.ort• Lung 
Tt11ue1 of rs• Burn Werd ,etlent,, 197) 

SO~CE 
llood l'o1t lli>rt• Lung Tl11ue 

IVCh '9t. No, of "'•g• Type Code No. of Ph•g• Type Code 
No. O.lturn •1• NT-4 NT-S Other Culture, A71 NT .lo IIT •S Other 

JAN 6 I I ~ I I I I 

HI 12 I I •r 
ss I I .... ] 1 
JII I I 11T -· 19 I 1 .. .. 
~ J C.11 

10 1 A71U 
6Ai 1 1 I .. i; .,. •1• -1 
77 J - ~,~~-1 • I# _, 

•v ...!..2!.. 1 A7112 
97 .. A71#1 

9!1 I I 
119 I 096 

JUN 106 I " 8 
~ 

,. 
"8 

121 1 NT-18 
126 I 011o I 011. 

J\Jl 117 ' NT-18 J NT-Ill 
11.i. I 111 ' • 11 , .... 1 2 I T I 
llo7 I I 1 ,. lo ·-AOC 1SJ 1 I I T I 
170 1 I ·-,,.~ 4 4 
1S7 ] I J .. I I. 
176 1 1 ·r-- It .. 
177 J J ,. Ii 
1 JII I I I It .. 

SfP 187 J I I 1 .. .. 
"'' ' 11h 

L!!l. 1 1 Olio 
191 It .. 
197 I " " 196 1 I " It 

OCT L.l!!t.- I ' 
,. Ii 

JOii 1 I I I 
191 I 1 
19~ 1 I 2 1 I 

•011 
271 I Cl6 
1111 I lllol 
21tS .. I " J 2 I 

OfC Jltll I I I 
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The principal phage types· were A- 71, NT4, and NT5. These are 
listed in Table 2; other strains are listed by their code esignatlon for 
the phage type of the strain recovered. 

SEPTICEMIC STRAINS: PHAGE TYPES RECOVERED 

Thirty-two patients yielded 52 s r~ins of Pseudomonas from blood 
cultures. There were 19 strains of NT5 recovered from a total of 10 
patients. NT4 was recovered 12 times from 9 patients . Five ;:>atients 
contributed a !otal of 9 strains of A- 71 . Ten other patients yielded 12 
strains of 1 O other types. 

The distribution of these major strains in septicemia is shown in 
Table 3. 

Table 3. Ps aeruginosa Phage Types in Strains 
Recovered from Blood Culture 

Phage Type Code % of Isolates 

NTS 

NT4 

A-71 

1 O Other Types 

Patients Strains 

31.2 

28. 1 

15.6 

31. 2 

36 . 5 

23 . 1 

17 . 3 

23. 1 

The order of frequency of strains from bloci~ cultures is the same as 
that for strains from all sources, but the i ncidcnce of these types is higher . 
NT5 strains from blood were 8. 5% more frequent in patients than the over­
all distribution, and NT4 was 6. 5% more frequently found. A- 71 was found 
as frequently in all cultures as in blood cultures, but there were 8.4% 
more strains recovered. 

A- 71 types were predominant in January, March and April . NTS 
appeared once in June, then was very common in August, Septembe r and 
December. NT4 was found in August, September and 0ctober . With a 
total of 13 types recognized among 52 isolates, it is once again affirmed 
that no one type causes fatal bacteremia. 

PHAGE TYPES FROM PULMONARY TISSUE AT AUTOPSY 

There were 91 strains of Ps aeruginosa recovered from lung ti s u s 
of 30 patients. The distribution pattern is s hown in Table 4. The orde r 
of frequency is aga in the same as that for all sources combined . In the 
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same patient, ty ·Jes from lung and blood stream were the same. There 
was one exception : patient #153 had a strain of NTS in the blood, but 
NT4 was recovered from lung tissue . The lung tissues present a more 
diverse population than the bl00d . 

The relative frequency of types from all sources, from blood and 
from lung are compared in Table S. The sequence of frequency of occur­
rence was the same for all three major categories of sources. Individual 
differences in site of recovery of certain types occurred. NTS strains 
were most common, but the incidence in blood and lung t issue was higher. 
NT4 strains were conspicuously more common in blood and lung , especi ­
ally the latter. Type A- 71 was the third most common type, with its 
distribution relatively the same in all three categories. A-71#2 and A- 71#3 
were ot found in the blood . A- 71#2 was relatively common in lung 
tissue. A - 71#3 was found in lung tissue but not in the blood. S rain M2 
was found in neither blood nor lung tissues. MS, NT18 and 034 were 
recovered in numbers too small to mak~ comparisons . 

A chronologic sequential charting of phage type distribution during 
1973 is presented in the figure . Phage code designations .ire set down 
on the left hand margin . At the bottom are shown the number of patients 
po itive in a given month and the number of strains recovered. Totals of 
each type , in patients positive and total strains are in the right '1aRd 
column . Each block indi ates the number of patients for a given type 
and the total strains recovered . Comments are made in order of descend­
ing types . 

Type A27 was seen on only two patients but was second most common 
in the month where it occurred . A - 71 strains were predominant in January, 
March, April and May . Their disappearance was abrupt in June. A- 71 #3 
was found in March, Apri I and May, and was the second mo t common 
type in April and May . A- 71#3 was the least common of the group, but 
in Apri I as as common as A- 71 #2 . 

Phage types A 181, 034, G20 and 19 were each found in only two 
patients and were never predominant in any month . 

Type M2 , a recurrent part of the flora, w as found in five p ti nt and 
shared the mo t common type category with A- 71 in Apri l. 

During the last half of 1973, a major hift in predominance c urred . 
NT4 was prominent, nd was the pr domin nt typ in O tober and 
November . NTS tr ins were pr s nt from May onw rd, and were pre­
sent from May onw rd, and were th predominant type in Jun , Augu t 
nd Sept mber . Typ NT18 was a relatively minor type , found on nly 

two pati nt . 0th r nontypablc trains were f und in aim t cv ry month , 
but in mall number . In July and Dec mber th NT tr ins w r e 

en pi uous I thou h th who I e P eudom na~ p )pu I ti n w low . 

DISCUSSION 
182< 
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The total number of Ps aeruginosa strain recovered in 1973 was far 
lower than in 1972 . The type patterns det cted , however, showed a 
distribution very similar to that seen in previous years . With 788 strains 
as opposed to 1087 collected in 1972, the diversity of patterns seen was 
somewhat less, but the essential epld miologi c picture was the same . 

A new element in the 1973 picture was th occurrence of ,m acut , 
fulminating epidemic of Ps aeruginosa of a type, A- 71, seen only once 
before in the history of phage typing this species . The strain's vi rul nc 
was unique in its severity, and it was treatment- refractory with Sulfa­
mylon in an animal model . It appear d on the basis of clinical operation 
that burn wound sepsi s did not occur with typ A- 71, despite its extra­
ordinary v · rulence in th seeded burned rat. 

The new system for typing and r ecording typ s on the NT ba i has 
been entirely effective and is being used on populations of otherwise re­
fractory strains . The role of Ps aeruginosa in burns wi II continue to 
require precise monitoring of species and type identity, if micro- epidemics 
are to be recognized and con troll d . 
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On hundr d thir y - nine tr ins of Serr tia mare n from p ti nts 
in the lnstitut of Surgical R rch burnwards w r typ d by the phag 
typing syst m d veloped in thi I boratory . Eight ph g typ plu. non­
typable strains wer r cognL d ; the vast pr ponder nee of strains f II 
in type S, 7,9, 11 , 1S, 18, had b en the c se ins v ral y ars prior o 
1972 . Although the pattern was that of a monotype pidemic , th epi odes 
were widely s pa rated . Seps is due to this type of S m rcess ns w ub-
stantiated by ant mortem and po tmort m cultures. and the validity of 
ph ge typing t chnic for s ssing nosocomial infections du to S marces­
sens was affirmed. 
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Year 

1973 

1972 

1971 

1970 

1969 

1968 

1967 

12-3 

Table 2. Predominant Phage Types of Serratia 
marcessens Annually : 1967- 1973 

Phage Type 

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

11 

3,5,7, 11, 15, 18 

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

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

5,7,9,15,18 

15 

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

5 . 7,9,15,18 

7, 9, 15 

15 

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

5,7,15 

11, 15 

15 

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

3,5,7 , 11,15 

3,5,7,11,15,18 

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

11 

No. Patients 
Positive 

17 

19 

5 

3 

10 

8 

8 

10 

4 

5 

s 

7 

7 

7 

8 

6 

5 

5 

12 

5 

No.Strains 
Recovered 

98 

63 

11 

7 

29 

9 

13 

19 

4 

7 

5 

18 

7 

16 

16 

8 

21 

7 

21 

s 

* This type among predominant all yP.cirS except 1972. 

190< 
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for the predominant type. Whatever the meaning of the disappearance of 
type 5,7,9, 11, 15, 18 after 1971, it obviously was a temporary change, and 
the predominant type pattern was reestablished in 1973 . 

Mixed infections occurred in five patients, as summarized in Table 3. 
In patient 6, it is possible t.hat the two type patterns were related , since 
only factor 11 separated them . Similarly, the two patterns in patient 176 
might be related . Among the others, the nontypable strains wer po sibly 
late contaminants, and the sole type 15 seen in patient 35 was probably 
unrelated to the predominant type. This patient was essentially a mono­
type · nfection except for the one strain of type 15. 

The chronologic sequence of the appearance of ty pe 5, 7,9, 11, 15, 18 in 
the Institute of Surgical Research burn wards is summarized in Table 4 . 
Admission dates preceded the acquisition of the strain by from 2 to 3 
days up to a month ; only once, in patient 214, was S marcessens type 
5, 7,9, 11, 15, 18 found on ~he wound at time of admisslon. Episodes occurr d J 
in March, August, October and December of 1973 and in January, Febru ry 
and March of 1974. The episode in March occurred in the first week of 
admission, as did the August infection and that of J nuary 1974 . October 
saw a second week post- admission occurrence, as did November and 
March episodes. The transmission pattern could be readily traced by the 
time of isolation of the strain. 

The occurrence of Serratia strains in patients offers some cluE: as to 
the potential clinical significance of the strain. In Table 5, strains are 
tabulated according to type and to their presence only in antemortem or 
only in postmortem specimens : It would appear that extensive coloni za­
tion wi' 1 Serratia may still fail to leave evidence that the strair~ was 
really invasive . Only one patient with cultures positive for Serratia had 
a positive blood cultur . The postmortem findings were primarily of 
interest in the lung samples. In two of six patients all lobes of the 
lungs were invaded . In two autopsies the predominant type was present 
in the burn wound . The ty , e designation obviously did not differentiate J 
invasive from colonizing strains. 

In Table 6 five patients in whom S marcessens was recovered pre­
and postmortem are summarized. These patient included three with 
septicemia, and one with extensive colonization, involvement of venous 
catheters, and lung involvement. The postmortem findings included ex­
tensive lung involvement plus, in two patients, burn wound invas ion. 
Th~ homogeneity of the type involvement was obvious; only in one 
patient was a nontypable strain recovered . 

DISCUSSION 

The validity of strain differentiation of S marccssens by phage typing 
with the Institute of Surgical Research system is substantial d by this 
application to 139 strains in 1973. A monotype s train generated repeated 
epidemic episodes, but these were very limited in numbers. The spread 

191< 



Pett ent 
Number 

176 

212 

6 

10 

)S 
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Tlble J . Ser'r'atia Phage Typn In Patients with 
Multiple Types, ISR , 1973 - Feb 19711 

Ad,.,1 UI 0" ~age Type Date Source of 
Date Tso1ated Cul • ur• . 

R-21!-7) S, 9, I 1, 1 S, 18 9-l--2 A, •r,. 

S,7,9,11,te 9-1)-9 7 

10-20-7) S,7,11,IS,18 10-20-12 l,V.c•theter 
Nontypable 10-21t-s II.wrist 

l-10-71t S,7,9,IS,18 1-llt-11 1.11. tip 
1-1 s-e Lukens 

S,7,9,11,IS,18 I -)0-2 Luke"s 
Nontyp•ble 1-11-12 Wound 

I -tlt-17 Chest 
I-lit-JS Lukens 

1-1)-71t 5,7,9,11,15,18 2-1S-llt Spu tUIII 

2-16-1 11,Leg 
2-19-2 L,leg 
2-21-S Luk•n1 
2-21t-2 Lukens 
2-2P-16 lllood 
)-1-2 Foley Catheter 

Nontypable 2-26-lt LukP.nl 
2-21!-2 Lukpns 

2-2S-71t S,7,9,11,15,18 J-2-2 A, thigh 
J - 1t-11t A.thigh 
)-It-IS ChHt 
J-5-1S T ,V, tip 
J-6-S Chest 
J-7-6 A,brachl al vein 
)-7-9 R, 1aph, vel n 
)-9-1 Luk•ns 
)-Q-) Foley Ca\heter 
)-10-lt Lukens 
)-11-7 Luk•n1 
)-12-1 Aut, Tll1,, !11d, 

thru ll)lee", LL , .Ul, 
)-12 -10 IILl,RUl,Tln,# 

2 ,. :, 

15 )-11-R f'oley Catheter 

192< 



I 
I 

N
 

T
ab

le
 

P
a
ti

e
n

t 
~

,s
s
f
o

.,
-

D
at

e 
llu

,,,
be

r 
D

at
e 

h
o

 la
te

d
 

19
 

~
t

e
1

y
s

i!
i 

..
 

:,
-6

 
P

t.
 

P
.9

 

JS
 

2
-2

7
 

J-
1

 

17
3 

P
.2

5
 

P
.2

7
 

19
7 

9
-2

5
 

1
0

-4
 

21
1.

 
1 '

l-
2

0
 

10
-2

1)
 

1
i.

s
 

I 1
-2

5
 

1
2

-)
, 1

2
-6

 

2S
6 

1
2

-1
2

 
)-

1
2

( 
7

")
 

"J
S

T
II

J"
l•

IT
•O

I" 
cc

-
T

H
£ 

PO
S:

00
...

TI
IA

N
T 

S
E

•-
-T

T
• 

"
•

0
C

ES
SE

'l'
S 

T
Y

P
[ 

'IU
M

~£
• 

5
,7

,9
,1

1
 ,

1
s,

1
e
 

so
u

,;
c
~

e
--

P
it

 
e
n

t 
~d

ill
 

D
a

te
 

11
_.

,e
r 

T
so

 l
a
te

d
 

!!
llo

od
 

'!
I 

o
o

d
( 

J 
,_

,.
,1

 e
s 

27
 

2
-9

 
2

.1
) 

5 
""

 v
; 
se

e
ra

 
28

 
2

-9
 

2
-1

s 

S
to

o
l 

JO
 

2-
11

 
2

-1
S

 
2

-1
6

 
L

.1
~

 
2

-2
0

 

W
ou

nd
 

sv
ab

 
)I

 
t.

, ..
 

)-
S

 
)-

6
 

S
p

u
t-

)5
 

2
-2

5
 

)-
2

 
••

 
th

l g
h 

J-
lo

 
J-

s 

--
~

J~
--

--
--

--
--

--
--

-
J-

6 

10
 

1 -
1 

~ 
2

-1
s 

S
p

u
t-

J-
7 

2
-1

6
 

II
, 
le

g
 

3
-9

 
2

-1
9

 
L

.l
e
g

 
)-

1
0

 
2-

21
 

L
ul

ce
ns

 
)-

1
1

 
2

-2
" 

L
uk

e,
,s

 
)-

1
2

 
2-

21
1 

'1
1o

od
 

I 
,.

1
 

C
'o

le
y 

19
 

1
-2

5
 

1
-2

8
 

!l
lo

od
 

1
-2

9
 

t:
h

u
t1

 J
. V

. 
1

-3
0

 
L

uk
en

s1
ll

lo
od

 
~ 

-~
 I 

!l
lo

o
d

 
2

-4
 

6 
""

" 
v

is
c
e
ra

 
i.

 
""

' 
ti

ss
u

e
s 

1
9

3
<

 

~
S

o
u

rc
e
 

2 
P

l'I
 

v
i s

e
e
r a

 

Lu
lc

f!
nl

 

L
.a

""
; 

I u
k

en
s 

ll
lo

o
d

 
6 

P
,.

 
v

is
c
e
ra

 

L
uk

en
s 

!l
lo

o
d

 

I!
. 

th
ig

h
 

1
1

.t
M

g
h

;C
h

es
t 

r.v
. 

ti
p

 
C

h
es

t;
 

R
ig

h
t 

b
rl

!C
h

ia
l 

v
e

in
 

ll
t.

sa
p

h
 

v
ei

n
 

L
u

k
en

1
1

F
o

le
y

 
L

u
k

..
,,

 
L

uk
en

s 
11

1'1
 

b
lo

o
d

J 
S 

l'l
'I 

vi
 s

c
e
ro

 
2 

l'f
ll 

tl
11

11
es

 



T
A

b
le

 
5

. 
D

FC
0~

£
•'

f 
or

 S
.E

!l
'"

•I
'• 

fP
O

,,
 

n
•J

E
N

T
S

 
W

HO
 

H
P

l•
E

O
 

sn
t t

M
tll

s 
-

li
b 

I 
hC

 s
td

6l
ff

l 
Po

lJl
lr 

f11
 

~
• 

S
P

'C
l"

E
''S

 
S

E
II

O
T

!A
 H

•l
'IO

 
JN

 
u

lt
u

,.
• 

5
o

u
rc

e 
l'

tl
•g

e
 

T
yp

e 
P

•t
le

t1
t 

A
do

li 
u

l 
O

ft
 

C
u

lt
u

re
 

S
o

u
rc

e 
,,

,.
g

e
 

T
yp

e 

D
•t

e 
N

U
lll

be
r 

D
•t

• 
9

-6
 

.....
... 

S
,9

,1
1

,I
S

,
1!

1
1 

3S
 

3
-1

-7
3

 
3-

1 
S,

;ll
•e

t1
 

9
-l

l 
1 

S
,7

,9
,1

1
,I

S
,1

8
 

. 
R

U
L

 
21

.1
 

1
1

-1
7

-7
3

 
I 1

-2
9

 
v

el
t1

 
S

,7
,9

,1
1

,I
S

,I
R

 
RL

L
 

S
,7

,9
,1

1
,I

S
,I

 
21

.5
 

1
1

-2
5

-7
3

 
1

2
-)

 
S

p
u

t-
S

,7
,9

,l
l 

,I
S

,1
8

1 
L

U
L

 
1

2
-6

 
S

p
u

t"
"'

 
S

,7
,9

,1
1

,I
S

,1
8

 
LL

L 
19

7 
9

-2
S

-7
l 

10
.£

1 
L

.l
e
g

 
S

,7
,9

,1
1

,1
S

, 
18

 
21

2 
IC

-2
0

-7
) 

1
0

-2
0

 
t.

v.
 

S
,7

,9
,1

1
,1

S
,1

'!
 

I 
S2

 
R

-J
-7

J 
11

-7
 

L
LL

 
10

-2
1.

 -
is

l 
ll

o
,,

ty
p

•l
-l

e 
LP

L
 

N
o

n
ty

p
al

'l
le

 
9 

1
-
n

-
n

 
2

-1
) 

lu
ke

t'I
I 

N
on

t y
pl

lb
 1

 e 
D

LL
 

ll
tl

t 
7

-2
P

-7
3

 
P

-1
0

 
lu

kl
lt

'ls
 

li
o

r,
ty

p
•b

le
 

P
l,

l 
A

-1
 I

 
lu

k
e

n
s

 
ll

on
 t 

yp
!tb

 I 
e 

u.
 

l•
S

-7
3

 
3

-1
0

 
lu

k
.,

,,
 

IS
 

2
)8

 
11

-1
)-

7
J 

11
-1

9
 

T
iu

.'
fS

 
s 

... 
I 

)-
1

1
 

,.v
. 

1 S
 

, .
. 2

 
7

-2
6

-7
) 

::i_
, 

1 u
k

e,
,s

 
.,

o
,,

ty
p

a
b

le
 

20
2 

1
0

-7
-7

) 
1

0
-9

 
PM

 
b

lo
o

d
 

S
, 

11
, 1

 S
 

~
 

N
 

P
.)

 
;,

.:
h

ig
h

 
ll

o
n

ty
p

a
b

l•
 

I 

~
 

I 
r>

.7
 

i,
,:

n
ro

se
 

1
)9

 
7

-2
'-

-7
3

 
1

0
-2

0
 

T
iu

. 
'f 

-..
...

i 

" 
d

r•
I"

 
ll

on
ty

p
.t

>
le

 
I 

1 
&

 
J 

S
, 7

,9
, 

1
1

, I
S

, 1
1!

 
1P

2 
9

-S
•7

J 
9

-I
P

 
••

•"
"
 

IS
 

l-
•
"
"
 

IS
 

II
.l

e
g

 
, s

 
I 

I 
27

 
2

-9
 

.7
1.

 
2

-1
3

 
L

iv
e
r 

2
R

 
2

-9
-7

1
. 

2
-I

S
 

lu
lc

en
s 

S
,7

,9
,1

1
,I

S
,1

8
 

LU
L 

S
,7

,9
, 
1

1
,I

S
,1

8
 

10
 

1
-P

-7
1

. 
2

-1
S

 
sp

u
t"

"'
 

S
,7

,9
,1

1
,I

S
,I

P
 

2
-1

6
 

II
. l

e
g

 
S

,7
,9

,1
1

,I
S

,1
8

 
2

-
19

 
L

. l
e
g

 
S

,7
,9

,1
1

,1
S

,1
~

 
2

-2
1

 
lu

ke
t'I

S
 

S
,7

,9
,1

1
, 

IS
,1

8
 

2-
21

. 
lu

k
M

S
 

S
,7

,9
,1

1
,1

S
,1

8
 

2
-2

6
 

, .
..

..
..

 
h

o
.,

ty
p

ll
b

le
 

2
-2

8 
lu

lc
en

s 
N

on
ty

pl
lb

le
 

2
-2

8
 

b
lo

o
d

 
S

,7
,9

,1
1

,1
5

,1
8

 
J-

1
 

F
o

le
y

 
S

,7
,9

,1
1

,1
S

,1
 

6 
1-

10
-7

1.
 

1 
-1

 I 
W

ou
nd

 
"o

tl
ty

p
ll

b
le

 
1 

-1
1.

 
I.

 v
. 

S
,7

,9
,1

S
,1

8
 

l'lu
t
 

N
o

n
ty

p
ll

b
le

 
lu

k
er

,1
 

N
o,

,ty
1>

11
bl

e 
I -

1 
S 

1 u
k

en
s 

S
,7

,9
,I

S
,1

8
 

1 °
)0

 
lu

k
e
"I

 
S

,7
,9

,1
1

,1
5

,1
8

 



(X
) I 

N
 

I 

T
.t

>
le

 •
. 

P
at

ie
n

ts
 f

ro
m

 W
ho

m
 S

er
ra

ti
• 

w•
 Is

o
la

te
d

 f
ro

m
 B

o
th

 
A

nt
em

or
te

m
 a

n
d

 A
u

to
p

sy
 

S
p

eo
m

en
s 

-

'•t
 I e

o,t
 .

..
 , I

S
 I
°
"
 

N
,.

._
r 

o.
,. 

A
N

T
fl

'll
'"

l£
" 

•T
LC

)Y
 

P
0S

T
~

~
D

T
["

 
s

n
.c

, 
o.

,. 
S

o
u

rc
e 

P
t,

eo
e 

T
 ..

 -
o.

,. 
,-

..
.,

.c
. 

~
T

-

19
 

1-
2S

-7
1t

 
1-

28
 

•1
oo

c1
 

2
-"

 
R

re
fr

, 

1-
29

 
J.

1
1

.t
lp

 
. 

S
p

le
eo

t 
IIU

L 
C

h
e

s
t 

II
L

L
 

1
-)

0
 

L
..

._
..

,,
 

5
,7

,9
1

11
1

1~
1
18

 
L

U
L 

s 1
1

1
9

1
11

1
1~

1
,e

 
!!

lo
o

d
 

L
L

L
 

I-
J
I 

l!
lo

od
 

T
iu

.•
 

I ,
),

It
 

21
t 

2
-1

-J
lt

 
2-

2S
 

# 
' 

,,
.,

 "
• 

2-
11

 
L

iv
e

r 

#2
 

"
•

'"
• 

L
. 

..
S

!"
IX

et
b

le
 

S
fl

H
f'

I 
!ia

c&
•a

•b
l• 

A
r•

 
~

L
~

M
y

 

JO
 

2
-1

1
-]

lt
 

2
-I

S
 

L
. •

"
"
 

2-
20

 
u 

...
 r 

L
u

ke
r,

1
 

s 1
1

1
2 1

11
1
1s

1
1e

 
S
e
l•

""
 

s.
z
,2

.1
1

,1
s,

1
e
 

2-
16

 
'l

lo
oc

l 
II 

L 
I

U
L 

L
L

L
 

LU
L 

n 
2-

22
-7

1t
 

i:H
 

(~~=
~. 

)-A
o 

L
l
,_

.r
 

S
p

lN
f'

t 
ll

lo
od

 
II

L
t 

1
1

.t
M

g
t,

 
~

.z
.2

.1
1

•1
s.,

, 
L

ll
 

s
,z

,2
,1

1
,,

s
.,

e
 

3-
1 

L
u

ke
r,

1 
I

U
L 

3-
2 

1
1

.t
h

ig
t,

 
L

IA
 

• 
JS

 
2-

2S
-7

'4
 

J-
2

 
"•

 t
M

 g
t,

 
3-

11
 

ll
lo

oc
l 

~-"
 

1
1

.t
h

fg
t,

 
S

p
l"

"
 

C
h

e
s
t 

L
L

L 
3-

S
 

I.
II

. 
t 

Ip
 

s.
1

,2
,1

1
,1

s,
1

e 
L

il
 

s.
z
.2

.1
: 

1
5

.J
J 

J-
6

 
C
h

e
s
t 

lt
Ll

 
3-

7 
q

. t
-r

a
c

h
i •

 I
 "

•'
" 

II
UL

 
~

•p
h

e
r,

o
u

s 
..

. 
, "

 
T

iu
.#

 
2 

, 
3 

3 -
9

 
Lu

lc
er

,s
 

,..,,
., 

13
-1

0 
L

u
lc

e,
,_

 
J-

11
 

L
u

"•
"•

 

1
9

5
<

 

I 

' I 



J 

12-9 

of each epis'ode was too small to occasion serious concern as to the scop 
of this nosocomial problem, but the potential for serious ini ction makes 
continued monitoring highly advis .Jble . 
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ABSTRACT 

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

REPORT TITLE: FIVE PER CENT AQUEOUS SULFAHYLON SOAKS USED IN 
TOPICAL TREATMENT OF BURNED SOLDIERS 

US Army Institute of Surgical Research, Broo~e Army Medical C nter, 
r-~rt Sam Houston, Texas 7823!, 

Period covered In this report: I July i973 - 30 June 1974 

Investigators: Daryl R. Erickson, HD, Hajor, HC 
James w. ·raylor, ft>, Hajor, HC 

Reports Control Symbol HEDDH-288(Rl) 

Ten per cent Sulfamylon acetate burn cream as a topical agent 
Is applied to the wounds of burn patients to control the bacterial 
population. During the later stages or eschar separation, wher 
residual eschar Is Interspersed between areas o open granula ion, 
the application of the cream Is difficult and the cream adheres 
poorly to areas of open granulation tissue. Its application at this 
time may dislodge adjacent ~graft. To fill this therapeu ti c 
void, 5" Sulfamylon acetate solution soaked wet to dry dress ings have 
been applied to such wounds In order to facilitate debri~ement of the 
residual nonviable tissue by mechanical action of dress i ng changes. 
~uantltatlve surface cultures done ,n 14 pair d areas show d that 
If specific guidelines were followed, ~here was no escap of the 
wounds from bacterial control. 

Burn 
Escher separation 
5\ Sulfamylon acetate solution 
Hllllans 
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FIVE PER CENT AQUEOUS SULFAl1YLON SOAKS USED 
IN TOPICAL TREATMENT OF BURNED SOLDIERS 

Wt to dry, occlu Ive, coar dr s ing 
ix co eight hours have b nu d y r to cl 

wounds. Thi study was don to fo 11 owing qu 
Sulfamylon ac tat so lution more ff ctive than norm I 
controlling surf c rowth of b ct ri u,,der \" t to dry 

HETHOO 

thickn ss 
or 1 ss of th 

Coars 
or 
1 ft in 
day f 
lactate 
remov d 

, h i ch o 1 u l l on 

RESULTS 

T n pa 
Th lni ti al 
ins ti tut ion 
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In thr 
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C th th r PY w n l i nu d 
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n up untidy 
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LO t 
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a r pat d tudy, coun nd lyp 0 b Cl r i ch ng d 
ppr ci bly. 

8/14 p i r d tudi h d co I ony coun l 

4/14 p ir d u h d from t 103 ~o l i th 
m im I diff r nc b n p Ir d r on I 
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TABLE I 

L ngth of Type of 

!1 Ther 2X Ar B ct ria Colonx Count Th r 2X 

N,J i+d R rm Pr vid ncl 3 104 N.S.* 
R I 9 Pr vid nci ) 5 104 S/S 

St ph ) 

Cf1 2d L thigh Provid nci ) 105 N.S. St ph ) 2 

R thigh St h ) 
5 104 

Coryn b t) S/S 

]d L thigh St ph ) 
2 104 N.S. Coryn t) 

R calf Ct1ryn ct 2 104 S/S 

OJ 3d L I row th N.S. 
R I g rowth S/S 

AH i+d d St ph - ) ,02 
Pr t f1i r ) 2 N.S. 

ck St ph - ) 4 103 S/S 
Prot f1i r b) 

LC 3d R rm St ph -) I 10
4 N.S. 

P. udo ) 
Ch t St ph -) 3 104 S/S 

P •udo) 

HR 2d R 9 4 ,as N.S. 
L 2 104 S/S 

Sd R I I 104 N.S . 
L I 4 104 S/S 

Sd I 104 N.S. 
rm 2 104 S/S 

GH 1.5 R ) 
3 103 S/S ) 

L St .>h ) 
102 S/S 

C r·tn b c t) 

3d R or r ~ 10 N.S. 
L for rm 9 104 S/S 
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TAILE I 

length of Type of 
!! Ther F'! Area l•cterla Colony Count lherapy 

"" 1 R leg St p., + ) lx10
4 

N.S. Corynebact) 
2xlo4 L l g Staph+ S/S 

BL 1 Abd Staph + lxl04 N.S. 
forearm St•ph - ) 2xl04 S/S 

Provld ncia) 

JK 1 R buttock No growth N.S. 
L buttock No growth S/S 

.s. • normal saline 
,':S/S • Sulfamylon solution 
?L ngth of therapy data not available 
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2/14 paired studies had a colony count of 105 organisms and in 
both cases this number of bacteria were present on only one side. In 
both cases the 105 level was on the saline treated side. 

One patient (HR) develo~ed invasive burn wound sepsis during the 
course of the study. He will be discussed later. 

DISCUSSION 

From this study, it is cl ar that when the wet to dry technique is 
properly used there is no bacteriologic difference between saline and 
5°/4 Sulfamylon solution. It should be emphasized that his technique 
must ~c applied only to untidy wounds which are nea r ly ready for auto­
grafting in patients who ~re metabolically stable. 

In retrospect, the patient who developed invasive burn wound sepsis 
(HR) was not a candidate for this therapy. He differed from the other 
patien t s in three significant respects . First, his wounds were mainly 
~artial thickness. Second, he was relatively early in his postburn 
course (this therapy began on postburn day 14) and was metabolically 
unstable in that he had markedly Impaired renal function resulting from 
an episode of gram negative ~epsis on postburn day 7. Finally, he was 
the only patient who had Pseudomonas as the sole organism on his burn 
wounds. While no conclusion can be derived from a single instance, it 
is interesting that the ecthyma gangrenosum lesions were located on the 
saline treated side . 

This s tudy corroborated the reproducibility of the quantitative 
culture technique used . Ho.'lever, it also demonstrated that the level 
of bacterial growth on the wound surface does not reflect what is 
~appening bene~th the surface of the burn wound. 

CONCLUSION 

Saline may safely be used in the wet to dry dressing technique if 
the followi~g limitations are employed: 

1. The patient is metabolically stable. 

2. The wound is nearly free of e~char, but need~ to be cleaned 
up before autografting. 

3. The dressings should cover no more than 20"/4 of the body 
surface area . 

4. The wound has been shown to have multiple organi sms if 
Pseudomonas spare present at all. 
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SUMMARY 

1. There ls no difference in bacterial flora as to type or 
quantltation when saline is compared ~Ith S°/o Sulfamylon solution in 
the wet to dry, coarse-mesh gauze debridement-dressing technique. 

2. Limitations of the wet to dry coarse-mesh gauze debridement­
dresslng technique are discussed. 

3. The moistened gauze-sponge technique of wound surface bact r ial 
quantltation is supported. 

PRESENTATIONS AND/OR PUBLICATIONS 

None 
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ABSTRACT 

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

REPORT TITLE : DEVELOPMENT OF PROPHYLACTIC TOPICAL THERAPY 
FOR USE ON BURN WOUNDS OF MILITARY PATIENTS : 
SEARCH FOR IMPROVED FORMULATIONS 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
F,1rt Sam Houston, Texas 78234 

Period covered in this report : 1 July 1973 - 30 June 1974 

Investigators : .~obert B . Lindberg, PhD 
Ruth L. Latta, BS 
Basil A. Pruitt, Jr, MD, Colonel, MC 
Arthur D . Mason, Jr, MO 

Reports Control Symbol MEODH- 288(R1) 

Pseudomonas aeruginosa is today a widespre;id and increasingly 
serious nosocomial infecting agent in patients compromised by extensive 
burns, immunosuppression or neoplastic disease. Control of burn wound 
sepsis by topical Sulfamylon has been achieved in this Institute, but 
Pseudomonas sepsis remains a frequent complication of severe burns. 
Bacteriophage typing of isolates revealed a m'"'jor monotype epidemic in 
the burn ward, with a strain moderately resistant to Sulfamylon (MIC0. 312%) 
and with extreme virulence. ulfamylon therapy was ineffective in the 
experimental infected burn model. Two va riants of the epidemic strain 
were cietected after their spontaneous appearance in patients. One was 
virulent blJt responded to Sulfamylon treatment in the experimental model. 
The other was not virulent for the burned and infected rat. This phage­
mediated virulence and related Sulfamylon trt:atment tolerance is a new 
phenomenon, and makes the testing of virulence and therapy response 
potentially important in managing severe burns. 

Burns 
Sulfamylon- sulfadiazine 
Pseudomonas 
Rat 2C5< 
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DEVELOPMENT OF PROPHYLACTIC TOPICAL THERAPY FOR USE 
ON BURN WOUNDS OF MILITARY PATIENTS: SEARCH FOR 

IMPROVED FORMULATIONS 

The increasing importance of Pseudomonas aeruginosa as a cause of 
nosocomial infections, as a major cause of sepsis in burns, in immuno­
suppressed patients and in neoplastic disease has been extensively docu­
mented. The presence of a large population of susceptible burn patients 
in the Institute of Surgical Research presents an optimal opportunity for 
ss:,read of thi dangerous invasive organism, and specific strains have 
been observed to spread in epidemic manner. Recognition of such strains 
is done by phage 

1
typing (Lindb~rg RB, Latta RL, Brame RE.Moncrief JA. 

Bact Proc 1964: 81 ) , and characterization of strains as to virulence in 
burn wounds has been done using the seeded burned rat model . This 
same ~odel has been indispensible for assessing agents proposed for 
control of burn wound infection by topical application. Experience with 
this model of Pseudomonas burn wound sepsis has, in most instances, 
been confined to the use of "typical" challenge strains, but the presump­
tion that the syndrome of bacterial invasion of the burn wound is a 
stardardized or well-characterized effect is i!l,Jsory. Individual attributes 
of ,he infecting strain play a role in the nature of the tissue lesions that 
occur, and in the ultimate lethality of the infection. 

The differences in response to topical Sulfamylon therapy as a function 
of virulence are i I ustrated in Figure 1. The three strains compared 
varied in virulence in this animal model. Strain 12-4-4 in this se ies 
of tests killed approximately 83% of all seeded untreated rats. Strains 
8-28-3 and 3-23-5 killed 98% to 99% of untreated controls; strain l- 24-5 
was regarded as the more lethal since it killed more quickly. With topi­
cal treatment, over 90% of animals seeded with 12-4-4 sur·vived; 80% of 
those seeded with 8-28-3 and treated survived, while only 45% of ani:nals 
seeded with 3-24-5 survived with topical treatment. These strains d.d not 
vary tu a significant degree in their sensitivity to Sulfamylon in vitro. ---

Reprod~cibility of virulence In strains maintained frozen in sterile 
milk at -70 C is summarized in Table 1. The behavior of three topical 
challenge strains is shown in ascending order of virulence. The attri­
bu bestowing virulence is consistent and appears to be a fundamental 
part of the biology of Ps . ~n•ginosa. 

A marked reduction ir, the incidence of burn wound sepsis (BWS) 
occurred when patients were treated with topical Sulfamylon in this 
Institute. Although strains of Ps aerugino~a vary markedly in virulence 
in the animal model, such virulence is not necessarily correlated with 
the behavior of the strain in the human. Precise strain identification is 
made routinely by phage typing so that at any given time the Pseudomonas 
population of the burn ward is definable. Thus, if treatment- resistant 
strains emerged, the probability is that they would be recognized. In 
practice, as soon as a predominant phage type reaches numbers sugges­
tive of an epidemic proportion, its virulence and response to therapy are 
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Strain 

12- 11- 4 

8- 28- 3 

VA- 1311 

14-3 

Tahle 1. Consistency of Virulence of Pseudomonas 
! eruginosa as Infecting Agent in Burned Rats 

No . Rats No . of Ave . No . Seeded Deaths/ 
Tested Experiments Controls Total 

381 117 8. 1 332/387 

116 111 8. 2 115/116 

105 17 6. 1 105/105 

% 
Mortality 

87 . 1 

99. 1 

100.0 

tested in the rat model . Such a situation arose in 1973, when a unique 
epidemic of treatment- resistant Ps . aeruginosa appeared . The behavior 
of this strain was studied in detail since it presented a new aspect of 
virulence in relation to topical treatment , and revealed a possible hazard 
in control of pseudomonal burn wound sepsis that has not previously 
been seen . 

The new phage type was designated by the code number A- 71 . The 
initial outbreak of tt,is strain was homogeneous as to phage type , but 4 
months after the onset , two phage types which were interpreted as loss 
variants appeared in a smaller number of patients. These were designated 
A-71 a and A- 71b . The outbreak was classified as an epidemic; at its peak 
it was by fa r the predominant type on the burn ward, and risk of 
acquiring It was high for incoming patients . Patient- to- patient transmis­
sion rate rose to a peak just before its abrupt disappearance from the 
burn ward . 

Table 2 summarizes the incidence of Type A- 71, A- 71a and A- 71b . 
There were 23 pa .ients involved . During this period, 10 additional phag 
types were seen on the ward, but none approached the incidence of A- 71 . 

The two sub- type, designated as loss- variants, appeared during the 
latter half of this micro- epidemic. Fourteen out of 23 patients who 
harbored type A- 71 died . The deaths could not, in all instances, be 
descr ibed as associated with Pseudomonas sepsis, but pulmonary infec­
tion and septicemia were observed in 9 of these fatalities . The organism 
can scarcely be described as benign . 

The phage type patterns of A- 71 and its variants are shov.n in Table 
3. It was an elaborate pattern . The strain reacted with 13 out of 18 
phages in the typing set. Thi s pattern had been observe<1 once before 
at the Institute of Surgical Research in II patients injured in a single 
t?pisode in Iowa in 1965 . Those burn patients arrived with the strain on 
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Type 

A-71 

A-71a 

A-71b 

14-4 

Table 2. Incidence of~ aeruginosa Type A-71 
1972-1973 

Month and Number of Patients Positive for First Time 
Nov. Dec. Jan. Feb. Mar. Apr . May June 

1 2 2 5 4 4 0 

2 1 2 2 0 

1 1 1 0 

on their burns, but no extension to other patients in the ward occurred 
in that episode. In fact, the strain was displaced by other types present 
in the resident burn flora. The 1965 isolates had been held as unique 
additions to the Pseudomonas strain colle lion, and a strain from that 
time was compared with the current strains. No differences could be 
detected between the 1965 and the 1972- 1973 isolates. 

Table 3. Phage Type of Ps. aeruginosa A-71 and 
of Variants A-71a and A-71b 

A-71 2, 7, ~. 24, 44, 1214, 6ts, 109, 352, 119X, F-7 _, F-8 

A-71a 2, 7, 2~, 24, 68, 119X, F-7, M- 4 

A-71b 7, ~. 68, F- 7 

A-71a and A- 71b were not recovered until February 1973. They 
were recovered from patients whose wounds had already been colonized 
by A-71, and were at once regarded as probable loss-variants. They 
were recovered only un di reel culture; serial transi\'.?rs of A- 71 retained 
their complete phage pattern. 

The A-71 epidemic, once recognized, was persistent and the strains 
remained on the host despite presence of other phage types on adjoining 
patients. In view of this behavior, the virulence of several strains of 
A-71 were determined and Its response to Sulfamylon therapy was tested 
on the burn rat model. It was ai once obvious that the virulence was 
higher than had been observed with any of over 100 strains tested during 
the years of study of Pseudomonas burn wound sepsis. A- 71 was com­
pletely lethal. Tests with A-71a and A- 71b revealed differences that 
could be explained by a loss- variant hypothesis. 
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Table 4 summarizes th'e behavior of this remarkable epidemic c rain . 
When burned rats seeded with A- 71 were treated, only a slight d~gree 
of survival was effected . When twice- daily treatment was tested, there 
was a slight Increase In survival, to 10% of seeded animals, but this 
sti II left the A- 71 strains uniquely refractory to topical Sulf my Ion . Death 
occurred, on an average, in less than a week in untreated animals, and 
some strains killed in 3 to 4 days. An unusually high degree of involve­
ment of lung and nasopharynx occurred in seeded rats. 

Table 4. Virulence and Response to Sulfamylon Topical 
Therapy of Ps aeruginosa A- 71, A- 71a and A- 71b 

on Burned Seeded Rats 

Treatment Strains Tested; Total Dead/Total Tested 
A- 71 A- 11a A- 71b 

No. % No. % No. % 

Sulfamylon 
10% lx/day 278/295 94. 2 2/57 3.5 3/54 5.5 
for 10 days 

Controls 270/270 100 53/56 95.3 3/53 5.6 
(no treatment) 

No. strains tested 10 3 2 

Five of the 10 strains tested left no survivors in the treated groups. 
The total survival for all 10 strains was only 6. 8%. No previous experi ·· 
ence with topical therapy had indicated the possible existence of such a 
virulent refractory epidemic strain . 

When variant A- 71a was tested, an immediate difference appeared. 
While survival was negligible in the untreated controls, the Sulfamylon­
treated animals survived. The strain behaved In a manner entirely 
analogous to those virulent strains of Ps aeruginosa tested over a period 
of several years whic.~ ~an be effectively controlled with topical therapy . 

It was initially assumed that strain A- 71 was resistant to Sulfamylon 
in vitro. Ps aeruginosa strains have been monitored since the drug was 
introduced, and on a cumulative basis, the organisms have fluctuated 
around a median range of sensitivity that is essentially stable . Figure 
2 shows the annual cumulative sensitivity of a total f over 2000 strains . 
It is evident that there has been no consisten trend toward emergence 
of more resistant strains during these years of observation . 

Fifty- six isolates of train A- 71, 9 of A- 71a and 8 of A- 71b, were 
tested for sensitivity to Sul fa ylon . The sensitivity of this strain and 
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its variants was slightly shifted toward the higher range, since half of 
each group required 312\ for inhibition . The median level for inhibition 
of A- 71 was 0.201 \. For A- 71a it was 0.106\ and for A- 71b, O. 107\ . The 
two loss- variants diminished in virulence and in parallel were increasingly 
sensitive to Sulfamylon. The level of Sulfamylon tolerance of A- 71 strains 
was not, however, an explanation for the treatment- refractory state; the 
strains tested for virul nee included three of the most sensitive, which 
were as virulent and as refractory to treatment as were the more r es is­
tant strains. This sensitivity is illustrated in Table 5. 

Type 

A- 71 

A- 71a 

A- 71b 

Table S. Sensitivity of Ps aeruginosa 
to SulfamyT"on 

Concentration (\ ) 
0 . 625 0.312 0. 156 0 . 078 

0 28 10 9 

0 4 1 3 

0 3 0 2 

Strains Tested : A- 71 56 
A- 71a : 9 
A- 71b : 8 

A- 71 

0.039 0 .019 

5 4 

1 0 

1 2 

The designation of strain A- 71 as he parent strain of a sequence of 
loss- variants is, r! course, arbitrary . In theory, 'he more compl x 
phage pattern of A- 71 might arise from the simpler A- 71a or A- 71b . 
However, the chronologic sequence of appearance and the decreasing degree 
of animal virulence of types A- 71a and A- 71b make the hypothesis of 
naturally occurring loss- variants plausible . Since the biologic attributes 
of virulence nd drug tolerance were associated with phag susceptibi lily , 
the hypolhesis that these attributes are phage- mediated is an attractive one . 
Experiments are under way to validate this presumption by transduction 
or by transferring DNA from vin,,ent to non- virulent variants . Since the 
phenomenon occurred in nature it is all the more probable that the viru­
lence attribute (as opposed to th various "toxins" that have been d mon­
strated in ~ aeruginosa) is a separate and transferrable entity . Such 
transform lion makes the future role of Ps aeruginosa, even in the pres ­
ence of effective chemotherapeutic gents, a continuing danger to ev rely 
traumatized patients . 

In the system d cr ib d, topical th r apy w s ineffective for a ma jor 
pid mic type, in the xperim ntal model . Sy t mic therapy wiU, c rb n­

icillin was, howev r, unexp ctedly eff ctive in permitting urvi al of 
seeded burned rat . A do of 100 ug, intraperiton ally, on daily , 
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resulted in survlva of 90\ of two s ts of 10 rats each . This is a 
higher sur·vival rat,~ than was possible with standard challenge strains 
slml larly treated . The effect was not due to extreme sensitivity of the 
strains to carbenlcillln : one strain had an MIC of 39, the other of 78 ug 
per ml. 

Although this treatment- resistant epidemic strain di ppeared from 
the burn ward ,><>pulation in the absence of any peclfic effort to eradi ­
cate it, the possibility of such treatment- refractoriness being manifest 
in burn patients !s a real possibi lily. At the least, such experience 
emphasizes the need to a sess the invasive capability nd chemoth ra­
reutlc response of any strains which, on the basis of specific type desig­
nat1 n, have become epidemic in a burn ward . Fluctuations in the 
extent and severity of nosocomial Pseudomonas infections may be un­
covered by this approach and serve to explain otherwise un xplainable 
fluctuations of topical therapy effectiveness . 
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ABSTRACT 

PROJECT NO. 3A 161102B71R- 01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE : TH ROLE OF FUNGI IN BURN WOUND INF CTION : 
OBSERVATIONS ON BIOPSY AND AUTOPSY TISSUES 
FROM SERIOUSLY BURNED SOLDIERS 

US Army Institute of Surgical Research, Brooke Army Medical Cent r, 
Fort Sam Houston, T exa 782 34 

Period covered in this report : 1 July 1973 - 30 Jun 1974 

Investigators : Robert B . Lindb rg, PhD 
Anthony A . Contrera , MS 
Harvey 0 . 0 . Smith , Jr, SP6 
Virginia C . English , MA 

Reports Control Symbol MEDDH- 288(R1) 

Cultivation of uiopsy and autopsy tissues for fungi and yeasts is n 
essential part of definitive docum ntation of th microbiology of the burn 
wound . Thirte n gen ra of fungi were recov red, plus s v ral sped .; 
of Candida yeasts were far mor common than fungi in burn wounds 
and autopsy tissues . Fusarium (and Ce halos orium) and As r illus 
were the most frequently encountered genera; Se donium and Alternaria 
also were recover d in approximately 8% of autopsies, although their 
occurrencP. was minimal in biopsied samples . Mucor and Rhizo us, the 
genera of phycomycetes most freqt•~ntly .a social d with burn wound phy­
comycosis, were found in 2 p tier .• s, but th invasive dis asc was 
not seen . Fungi are frequ ntly pres nt in burn wo nds, and surveillance 
is desirable, but the clinical significanc of this grou of organisms has 
lessened . The role of Candida sp in burn wound i quit 2 Jifferent 
question; study of the systemic effect of this group of opportunistic colo­
nizers of the burn wound is indicated . 

Fungi 
Mucor 
Rhizopus 
Candida 
Burns 
Phycomycosis 
Humans 
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THE ROLE OF FUNGI IN BURN WOUND INFECTION : 
OBSERVATIONS ON BIOPSY AND AUTOPSY TISSUES 

FROM SERIOUSLY BURNED SOLDIERS 

The occurrence of fungi and yeasts in burn wound infections appears 
to be increasing , and interest in fungi as opportunistic invaders in the 
compromisec host has unqucst!onab!y increased. Previous reports on 
observation of fungi in burns have emphasized that the significance of 
fungi in the burn wound remains undefined. Cultural results offer some 
informatir,n as to the biologic identity of colonizing species of fungi. The 
relationship between species and ability to invade tissues can only be 
resolved by recovery and identification of the offending strains. This 
study undertakes to do this. There is a poor correlation between the 
hlstologic appearance of fungi invading burn wounds and the mycologic 
results of wound culture. However, the proporti on of patients' wounds 
from which yeasts or fungi could be recovered rose from the range of 
75% in 1971 and 1972 to 88% in 197?,. This may reflect an increased 
incidence, but more probably is dJe to increased expertise in recovering 
fungi. 

METHODS 

Emphasis has been placed on collection of fresh biopsy samples, always 
positioned to include the live-dead interface of the burn area being 
tested. Autopsy samples were collected with a simiar emphasis. The 
planting of thin slivers of tissue has given best results in recovery rates 
(Lindberg RB, Townsend CH, Contreras M, Pruitt BA, Jr. USA Inst 

1 Surg Res, BAMC, Ft Sam Houston, TX, Ann Res Rpt FY 1970,Sect.26) . 
Prompt planting has given more recoveries than were obtained with 
tissues refrigerated overnight in maintenance medium. Isolation was made 
on Sabouraud's agar, and an observation period of 10 days was maintained. 

RESULTS 

Biopsy. There was a drop from 201 to 106 patients biopsied and 
cultured for fungi from 1972 to 1973. Those patients who were biopsied, 
however, were sampled more often so that the number of strains of fungi 
recovered was 400 in 1973, in comparison with 362 in 1972. Results of 
b 1opsy culture are summarized · in Table 1. The 1973 results are compared 
with the results obtained in 1972. As has been the case since we began 
culturing wounds for fungi, the most common group recovered was the 
several species of Candida. While, Candida albicans was prominent, 
strains of Candida stutzeri , Candida stellatoides, Candida gui llermondi 
and other species, not alb1cans, were also recovered. The percentage 
of patients from whom Candida were recovered rose from 13. 9 in 1972 
to 53. 7% in 1973. Whether this increase reflects active disease due to 
Candida burn wound invasion is not clear; the majority of the wounds 
from which Candida was recovered were not invaded. Fusarium sp was 
by far the most common genus encountered. Cephalosporlum bears a 
close generic and physical relationship to Fusarium, and It is probable 
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Table 1. Biopsy Speciemns Posi ti v e For Fungi 
and Yeasts ·- 1972- 1973 

Genus No. Patients Positive No. Strains Recovered 
1972 1973 1972 1973 

Aspergi 11 us 8 8 11 17 

Cephalosporium 5 4 15 5 

Fusarium 19 12 33 23 

Sepedonium 0 1 0 1 

Curvularia 3 2 3 2 

Scopulariopsis 11 0 11 0 

Alternaria 3 2 7 2 

Diplosporium 1 0 1 0 

Penicillium 1 1 1 1 .. 
Helminthosporium 0 4 0 9 

Rhizopus 2 2 3 2 

Mucor 2 2 2 2 

Stemphylfium 1 0 1 0 

Syncephalastrum 1 0 1 0 

Geotrichum 1 0 1 0 

Candida sp 28 57 46 141 

No . Patients Cultured 201 106 

No. Tissue Samples 217< 362 400 
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that identification of these two genera are frequently crossed. Together 
.these closely related genera accounted for 15 .6% of all patients sampled 
who harbored fungi in their burn. 

Other species appearing i l numerically. significant incidence on 
patients wounds included Aspergillus, and possibly Helminthosporium. 
The Phycomycetes were represented by two patients positive for Mucor 
sp and two with Rhizopus sp. These genera are noted because of the 
experience with phycomycosis in burned patients in earlier years. Such 
an infection may be fulminating and require radical surgical extirpation, 
with loss of large amounts of tissue if the disease is to be arrested. The 
rarity of these genera in 1972 and 1973 suggests that they are indeed 
casual contaminants of the burn wound in most circumstances; in these 
patients , clinical phycomycosis did not appear. 

Autopsy. The fungi recovered from tls~oes at autopsy reflect the role 
of fungi 1n the burn more completely thar1 do biopsy isolates, since dis­
section permits recognition of po ten ti ally invaded areas and col I ecti on of 
more adequate sample:s. The number of genera r covered, ,:s shown in 
Table 2, lessened the past two years, from 17 in 1971 to 14 in 1973 
Mucor sp was recovered from the wounds of three patients, one of whom 
also harbored the fungus in the lung. Rhi zopus was found in two patients 
and Absidia not at all in 1973. It was evident that this dangerous group 
was consistently rare when sought in routine sampling. 

Numerically predominant genera included Aspergillus and Fusarium. 
HelminthosPorium, Sepedonium and Alternaria were the only other genera 
to appear in more than 2 or 3 patients. Penicillium was found in the lungs 
of five patients, but never in the burn wound. Candida, of course, was 
the most commonly encountered organism, and vastly overshadowed fungi 
in its occurrence. 

Comparison c,f the incidence of fungi in burn patients who were 
sampled in 1973 is shown in Table 3. The incidence of patients positive 
is essentially parallel, and, of course, most of the patients positive at 
autopsy had been positive in biopsy. Mucor and Rhi zopus strains were 
recovered with the same low frequency in both groups. Aspergi llus sp 
was the second most commonly occurring genus, although true invasive 
mycotic infection with these strains was not described. Fusarium sp 
were by far the most common genus encountered; for at least three years 
this genus has been conspicuous as the most frequently encountered 
group in burn tissues and in viscera at autopsy as well . Generali zed 
invasive mycotic infection due to Fusarium, or the closely related 
Cepahlosporum sp, is rare, but the hyphal elements are frequently 
described as invading adjacent viable tissue, and such tissue invasion 
is a potential source of toxicity or other systemic changes. There were 
13 genera of fungi recovered from autopsy tissues; only 10 of these also 
appeared i_n bi?psy. Sco~ulariopsis , Geotrichum and Clodosporium were 
not found in biopsy samp es. The close paral le l between findings in biopsy 
and in autopsy samples offers assurar ce of the validity of the sampling 
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Table 2. Autopsy Tissues Cultured for Fungi: 
Fungi Recovered from Viscera (Lu:"Q, Liver, Spleen) 

and Burn Wound at Autopsy - 1971-1973 

Genus Number of Patients Positive at Autopsy 
Burn Wound Viscera 

1971 1972 1973 1971 1972 1973 

Mucor 3 0 3 0 0 1 

Rhizopus 1 1 2 1 1 0 

Absidia 1 1 0 0 0 0 

Aspergi I lus 6 11 19 3 2 5 

Penici Ilium 8 1 0 5 6 5 

Paecl lomyces 0 0 0 1 2 0 

Alternarla 2 3 6 0 0 0 

Cephalosporium 2 4 3 0 4 4 

Fusarium 9 30 25 7 20 19 

Helmi nthosporium 4 1 4 0 0 2 

Nigrospora 9 0 0 3 0 0 

Scopulariopsis 5 3 1 1 2 0 

Sepedonium 1 C' 5 1 4 3 

Oiplosporum 1 2 0 0 0 0 

Geotrichum 0 0 3 1 0 0 

Fonsecaea 2 0 0 2 0 0 

Curvularia 0 5 1 0 0 0 

Microsporum 0 1 0 0 0 0 

Cladosporlum 0 0- .' . 1 0 0 3 

Candida 13 32 67 11 25 50 

Number patients positive 46 65 80 

Total _patients cultured 61 89 91 

Number genera present 17 16 14 
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Table 3. Autopsy and Biopsy Cultures for Fungi 
from 193 Patients, ISR - 1973 

Genus Number of Patients Positive 
Autopsy Biopsy 

Mucor 3 2 

Rhizopus 2 2 

Aspergi 11 us 11 8 

Penicilllum 1 1 

Alternaria 6 2 

C.ephalosporium 3 4 

Fusarium 25 12 

Helminthosporium 4 4 

Scopu larlopsus 1 0 

Sepedonlum 5 1 

Geotrlchum 3 0 

Curvularla 1 2 

Clodospori um 1 0 

Candida 67 57 

Number of species recovered 14 11 
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technic . If the genera recovered represented simply surface contami ­
nants falling on the burn wound, a more heterogeneous population would 
be expected, and correspondence between biopsy and autopsy would be 
less precise. 

DISCUSSION 

Prior to 1969, funyus cultures were not carried out routinely on al I 
tissue samples, nor were previous culture technics reassuring in respect 
to the number of positive cultures obtained. However, the development 
of improved technics, the use of carefully selected slivers of tissue from 
the tissue samples, and the use of flat- sided one ounce tissue- culture 
flasks for initial Isolation, greatly improved the recovery rate, and the 
consistency with which fungus species have been recovered . A marked 
change since 1969 was the virtual disappearance of Geotrichum sp s a 
major part of the fungal flora , and its replacement by Fusaium sp (and 
probably Cephalosporium sp) as the principal fungal entities populating 
burn wound tissues. There appeared to be less clinical disedse produced 
by opportunistic fungi than was the case four years ago, no proven cases 
of phycomycosis were observed in 1973. Although its occurrence can be 
a lethal event, fungal wound sepsis is apparently a sporadic phenomenon, 
and in the vast majority of cases. the colonization and superficial invasion 
into viable tissue is not followed by clinically significant invasive mycosis. 
Monitoring of the fungal population is emphatically desirable, since only 
with such background material can the role of fungi in burn wound in­
fection be elucidated. 

The incidence of yeasts in burn wounds is, as the tables show, ex­
tremely high . Invasive candidiasis is rare, and the importance of yeast 
colon;zation of the burn is not well understood. Future research should 
include scrutiny of sera of burn patients for yeast antigen. This technic 
has been perfected to a point where it is feasible to apply it to a study 
of Candida colonization of the burn wound . 
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The streptozotocln animal model was used to de termine the invasive 
capability of the following fungi Asperglllus, Fusarlum, Cephalosporium 
and Rhizopus when seeded on the animal following a standard full thi ck­
ness 20% scald burn. Animals were followed until death or sacrificed at 
30 days. Only Rhlzopus specie s consistently demonstrated burn wound 
infe tion and visceral spread, in 96% and 59% of the animals respective­
ly. No evidence of fungal hematogenous infection was noted. Visceral 
invasion of the liver, spleen and kidneys was by direct spread from the 
l1•fected burn wound. A high incidence of bacterial wound infection was 
present in all animals seeded with Rhizopus. 

The streptozotocin rat model of fungal burn wound infection has not 
proven to be an acceptable model to study burn wound infection by any 
other fungi except Rhizopus species. Because burn wound invasion is 
erratic and cannot be consistently reproduced in large enough numbers to 
make it statistically significant further studies with this animal model 
will be terminated as of I May 1974. 

Burns 
Fung l . 
Rats 
Hype rg I ycem I a 

.' 
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DEVELOPMENT OF STREPTOZOTOCIN HODEL OF FUNGAL BURN WOUND 
INFECTION AS IT OCCURS IN BURNED MILITARY PERSONNEL 

The presence of fungi In burn wounds has Increased markedly In the 
past several years. (Nash, G, et al. JAMA 215 (10) 1664, 1971.) 1 The 
significance of fungi in burn wounds as well as their relationship to 
modalities of treatment remain to be elucidated. Bruck et al (Bruck, 
HH, et al. US 'imy Inst of Surg Res Anl Res Prog Rpt, 30 Jun 71, BAHC, 
FSHT, Sect 13.J used the alloxan treated rat as a model to establish 
and evaluate fungal burn wound infection. 

Streptozotocln, derived from Streptomyces achromoge~s. possesses 
antibiotic, antltumor and a hyperglycemlc action. The development of 
frank hyperglycemia In rats and dogs treated with this drug, was first 
reported by Rakleten et al. (Rakieten R, et al. Cancer Chemother 
Rep 29:91-98, 1963.)3 Streptozotocin has a highly effective beta­
cytotoxlclty similar to alloxan but more specific and with a wider 
margin of safety than alloxan. 

The only success so far in establishing invasive fungal Infection in 
an animal has been when a hyperglycemic state exists. Sprague-Dawley rats 
were made hypergly~emic by administering 65 mg/kg of streptozotocln Intra­
venously. Hyperglycemia was verified four days later by blood glucose 
determination. Blood glucose levels ranged between 300 and 650 nY:J%. 
The animals were given a standard 20% total full thickness scald burn and 
lnwnedlatell seeded with specific fungal suspensions in concentrations of 
between 10 and 107 spores per ml. Fungi tested included Aspergl llus, 
Fusarlum, Cephalosporlum and two species of Rhlzopus. All animals In the 
study were followed to death or sacrificed at 30 days post seeding. 

Animals seeded with Rhlzopus species demonstrated burn wound Infect­
ion and visceral spread In 96% and 59% of cases respectively. Viscera 
(kidney, spleen, and liver) were Infected by direct extension from the 
burn wound. No evidence of hematogenous fungal infection was derronstrated. 
A high incidence of heavy ba'cterlal contamination of the burn wound was 
associated with all Rhizopus fungal Infections. 

Other fungi tested included Asperglllus, Cephalosporlum and Fusarium. 
Rats were made hyperglycemlc with an average dose of 65 mg/kg of strepto­
zotocln. Four days later blood sugar levels were determined nd r nged 
between 300-650 mg%. At this time a standard 20% total full thickness 
scald burn was created on the rits and ipore suspensions of these fungi 
In concentrations of beh11een 10 and 10 1 were seeded inmedlately on the 
burn surface with a cotton tip applicator. Control rats not seeded were 
Included as were rats seeded with Rhizopus. Ten animal were seeded 
withe ch pore suspension and ten controls 1•1ere used. At the end of 30 
days all living animals were sacrificed. All control animals lived with­
out any deaths and these were autopsied and found to hav no s ignificant 
bacterial or fungal Infection by culture and microscopic x mination. 
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Autopsy evaluation of the anl~,s was directed at ascertaining wound 
coltnlzatlon, Invasion and systemic spread by the fungi. Ninety per cent 
of the rats seeded with Asperglllus had wound colonization, but only 2si 
of the wounds had demonstrable Invasion by the fungus. No animal had 
evidence of systemic dissemination. Organ Involvement was noted In the 
liver or spleen In less than 10% of the animals and was by direct Invasion 
rather than systemic spread as ascertained by iross dissection of the 
animal. Animals seeded with Cephalosporl~n and Fusarlum demonstrated 
erratic colonization of the wou~d and no animals exhibited evidence of 
either Invasion or systemic spr!~d. 

The streptozotocln laboratory animal model of fungal burn wound 
Infection has demonstrated that application of 106 or 107 spores of 
Rhlzopus species will not only colonize but Invade a burn wound and by 
means of direct extension spread to Involve Internal organs. Systemic 
spread other than by direct extension was not noted. Experimentation 
with other species of fungi has proven them to be erratic Invaders with 
only occasional wound Invasion and no systemic or direct spread to 
viscera. Because the animal model has only been use ful with Rhlzopus 
species, further studies on this animal model will be suspended. 
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23. (U) Evaluation of leukocyte chemotaxis in thermally injured military persor,nel. 

24. (U) leukocyte chemotaxis was valuated by modification of the Boyden t chniqu 
namely the ability of leukocytes to migrate through nucleopore filter against a 
complement dependent chemotactlc agent, CASEN-SERUH. 

25. (U) 73 07 - 74 06 Forty-four thermally Injured patients with mean burn size 
51.1, (range 145-92%) were evaluated . During first 72 hours postburn ther was an 
Inverse correlation between bun size and chemotactic ind x (y•94.~ - 0 .759x; r2 •0.51) 
Following 72 hours the chemotactlc Index correlated with clinical status and ultimate 
survival (survivors - 97 .9% _ 5. I; non-survivors 39.4% 5.5). Serum from burned 
patients treated with Sulfamylon a •J silver sulfadlazine depressed normal leukocyte 
chemotaxls (Sulfamylon - 58.3%, sll •,•r-sulfa.dlazine 43 . 6%), wh reas serum from sllv r 
nitrate treated patients demonstrated 1 0 depression . Horeover, Sulfamylon and 
sulfadlazln when Included directly with normal leukocytes, produced mar ked depression 
ofn normal leukocyte chemotaxls (Sulfamylon 31 . 5% decrease, sulfadl~zin 75.4% 
decrease). Normal AB serum returned burn leukocyt chemotaxls to norma l . Thes 
studies demonstrate a mark d depress ion of leukocyte ch motaxis In thermally lnjur d 
patient which appears du to both an Intrins ic d f ct in~ tabo llsm caused by t he 
thermal Injury and th topical agents used for tr atment of the wound. 
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Polymorphonuclear leukocytes from burned patients exhibit suppressed 
chemotaxis possibly related to the susceptibi lily of such patients to opportu­
nistic infection. This study assesses the effect of normal serum u'pon burn­
suppressed leukocytes and the effects of three commonly used topical chemo­
therapeutic agents upon the chemotaxis exhibited by granulocytes from nor­
mal controls . 

In vitro incubation with normal serum restored chemotaxis to normal 
in the supprestied granulocytes from burned patients. The serum factor 
responsible for this restoration was heat labile . Serum albumin alone did 
not exhibit this dfect. 

Both mafenide and silver sulfadiazine suppressed the chemotactic func­
tion of granulocytes obtained from normal controls, while si Iver nitrate 
exhibited no such activity. Studies of the chemotactic function of control 
granulocytes after incubation with sera from burned patients yielded similar 
results only the sera from patients treated with silver nitrate failed to 
suppress normal leukotaxis. The chemotactic impairn• -. : found in leuk ~ytes 
from burned patients, however, while related to burn size and predictive 
of prognosis, did not vary with. the agent used for topical therapy. 

These data suggest the presence of a reversible intrinsic defect in 
leukotaxls consequent to burn injury related to some factor deficient in burn 
serum. In addition, extrinsic impairment of normal granulocyte leukotaxls 
by two commonly used chemotherapeutic agents is demonstrated. 

Burns 
Leukocytes 
Chemotaxls 
Humans 
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LEUKOCYTE CHEMOTAXIS IN THERMALLY INJURED 
MILITARY PERSONNEL 

The use of topical chemoth apeutic agents ID control bacterial inva­
sion In extensive burn wounds has ~come an accepted method of treat­
ment. Mafenide ac;t,tate (Sulfamylon ) • silver nitrate and silver sulfa­
diazlne {.iilvadene ) are widely used agents for such topical treatment. 
The advantages and disadvantages of each agent have been described 
and their effectiveness In decreasing the incidence of pseudomonas burn 
wound sepsis is well established. Despite this decreased incidence of 
pseudomonas burn wound sepsis, the mortality from extensive thermal 
Injury remains high. The use of topical chemotherapy has been associ ­
ated with increased frequency of infection by other opportunistic organisms. 
Infection remains the most frequent cause of death in patients who have 
su~tained large burns. 

The susceptibility of burn patients to opportunistic infection Is not 
understood. Severa, defense mechanisms are known ID be Impaired.in­
cluding the epithelial barrier. Immune mechanisms and leukocyte function. 
,Ve ~ve introduced an assay of leukocyte chemotaxls to assess one aspect 
of polymorphonuclear leukocyte function In thermally Injured patients and 
have demonstrated an inverse correlation between leukocyte chemotaxls 
and burna5lze (Warden GO, Mason AD. Jr. Pruitt BA. Jr. J Clln Invest. 
in press} . In addition. suppression of leukocyte chemotaxis has been 
predictive of mortality in burn patients. This study of the mechanism 
of chemotactic suppression following burn injury assesses the effects of 
normal serum and of topical chemotherapeutic agent.s upon granulocyte 
chemotaxls. 

MATERIALS ANO METHODS 

Pr9ation of Leukocytes. On the day of testing 10 cc of heparin-
ited b (200 units heparin per 10 cc blood) was collected in a glass 
syringe. The allquant was placed in an equ, I volume of clinical dextran 
(61} In physiologic saline solution, containing glucose (400 mg/500 ml) 
and heparin (20 mg/100 ml). Erythrocyte-monocuclear sedi mentation 
was accomplished In a SO ml conical tube at 37 C for 4S minutes . The 
leukocyte rich supernatant was removed with a Pasteu5 pipette and used 
within one hour of preparation. Average yields of 10 cells were obtained 
from 10 ml of blood. Ninety- nine per cent viability was confirmed by the 
trypan blue exclusion method after sedimentation . 

Chemotactic Afnt. Previous studies by Baum fnd Mowat (Baum J 
Mowat AC, Kirk )~ J Lab Clln Med 77 : 501, 1971) have demonstrated 
a mixture containing two parts of casein solution and one part of i,uman 
s£:rum to furnish reliable chemotactic attr~tion . Casein was prepared 
In a concentration of 5 mg per ml In Hank's solution. Human serum, type 
AB, from healthy donors wa used throughout the study. The serum 
was obtained in the following manner : (1) 500 ml al peripheral blood 
was removed via the antecubital vein and placed In 50 ml conical hbes 
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and allowed to clot at room temperature; (2) After clot retraction, the 
sample was centr![uged at 2000 g and the serum removed; (3) The serum 
was stored at - 73 C in 3 ml aliquots. 

Evaluation of Leukocyte Chemotaxis. Perspex chambers similar to 
Boyden's design were constructed (Fig. 1). Two ml of leukocyte-rich super­
natant were diluted with 8 ml of ~ank's solution and 2 ml of this mixture, 
containing approxima ely 4 x 10 cells, were placed In the upper c.hamber 
and 1. 5 ml of chemotactic ~~nt (casein- serum mixture) were placed in the 
lower chamber . A nuclepore* fi Iler, 0. S micron pore size, 25 mm diameter 
was interposed between the upper and lower chambers. The chamber was 
incubated at lf' C for 120 minutes . The nuclepor filter was r emoved,stained 
with Wright-Ciemsa stain for 4 minutes. Wright's buffer for 4 minute!:, 
cleared with xylene and mounted with xylcne- permount (3 : 1 ratio) on a 
glass slide . The nuclepore filter was examined microscopically under hig 
power and the cells migrating through the nuclepore filter (bottom side) were 
counted as were the cells remaining on the starting side (top side) In each 
microscopic field. A total of IIOO cells was counted . Cherootaxis was evalu­
ated In the following manner, negating the necessity to count the cells before 
placement in the upper chamber. 

Chemotactlc Index = number cells (attracting side) _x 1000 
number cells (starting side) 

Leukocytes from thermally injured patients were compared with cells from 
healthy volunteers and the functional chemotactic index expressed as the 
per cent of the chemotactic index of the control leukocytes : 

Functional chemotactlc index = chemotactic index burn patient X 100 chemotactic index normal volunteer 

Duplicate chambers were used for each patient sample and simultaneous 
control samples were also performed in duplicate. 

Preparation of Patient Serum. On the morning of each test, 10 cc of 
peripheral blood was obtained and allowed to clot. After clot retraction the 
sample was cgntrifuged at 2000 g and the serum removed . The serum was 
stored at - 73 C or used within one hour of preparation. 

Experimental Group. Studies were performed on 46 thermally injured 
patients with a rr.ean burn size of SO. 9\ total body surface (range 14 . si to 
92.0\). The overall mortality among these patients was 65 . 2\. The mean 
burn size In those patients who expired was 59.0\ (rang 31 . 5\ to 92.0\ ) 
while the surviving patl~nts had an average burn size of 35 .9\ (range 14 . 5\ 
to 70. 5\). Autopsy examination was performed on 25 of the 30 non- urviving 
patients. The mean day of death was 14. 9 days (range 3 to 38 day ) . Among 
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the autopsied cases, Infection as the major cause of death occurred in 23 
of the 25 cases (92. 0%). Septic complications included pneumonia, burn 
wound sepsis, and septicemia. The mean day of clinical diagnosis of the 
septic complications was 9.8 days (range 3 to 19 days). None of the 16 sur­
viving patients had systemic sepsis . 

The patients' cells were tested at admission and then weekly unti I dis­
charge or expiration. The P'\tients were •reated with topical mafenide ace­
tate 10% ointment (Sulfamylon ) , silverir.itrate 5% solution in dressings, or 
si Iver sulfadiazine 1% cream (Si lvadene ) using standard procedures of the 
Institute of Surgical Research. 

Evaluation of Effect of Burn Serum on Leukocyte Chemotaxis. The 
leukocyte-rich supernatant obtained from normal volunteers was incubated 
in 1: 1 ratio for 20 minutes at 37° C with serum obtained from thermally injured 
patients, normal serum obtained from healthy type AB donors or Hank's solu­
tion. This suspension was then di luted ~th Hank's solution and 2 ml of thi s 
mixture, containing approximately 4 x 10 cells were placed in the upper 
compartment of the chamber for evaluation of leukocyte chemotaxis. 

Evaluation of Effect of Topical Chemotherapeutic Agents on Leukocyte 
Chemotaxis. The topical agents were dissolved in Hank's solution and incu­
bated with 2 ml of leukocyte rich supernatant obtained from normal volunteers 
with final concentrations of: mafenide acetate 10 mg%, and 100 mg %, p. 
carboxybenzen...:sulfonamide 10 mg%, sulfawazine 5 mg%, sodium sulfadiazine 
5 mg%. In addition acetft':olamide (Diamox ) , SO ug/nil and 100 ug/ml and 
gentamycin (Garamycin ) 4 ug/ml were also included in duplicate chemotac­
tic chambers. Hank's solution without added drug was used in the same 
manner for control studies, which were performed in duplicate. 

Evaluation of Effect of Dialyzed Burn Serum on Leukocyte Chemolaxis. 
Serum from thermally injured patients was dialyzed in cellulose casing 
(Visking, medical grade 23/32)* with diphosphate buffer 0.15 M, pH 7.4 for 
48 hours at 4° C. The dialyzed serum was then added to 2 ml of the leuko­
cyte-rich supernatant from normal volunteers in 1: 1 ratio and the mixture 
incubated at 37° C for 20 minut~. After dilution with Hank's solution, 2 ml 
of the mixture containing 4 x ld' cells, was placed in the upper compartment 
of the chemotactic chamber for evaluation of leukocyte chemotaxis. Normal 
AB serum was maintained at 4° C for 48 hours and then incubated in the 
same manner as a simultaneous control. 

Evaluation of Effect of Normal Serum on Chemotaxis. Serum from 
normal AB donors was used to assess the effect of normal serum upon leuko­
cytes from burned patients. AB serum was added to 2 ml of the leukocyte-
ric:h supernatant in 1: 1 rati() and the mixture incuba ed at 37° C for 20 minutes. 
After dilution6with Hank's solution, 2 ml of the mixture, containing approxi ­
ma1'ely 4 x 10 cells, was placed in the upper compartment of the chemolactic 

* Visking Company, Chicago, 111.inois. 
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chamber for evc»luation of leukocyte chemotaxis. Simultaneous controls 
were run usi g Hank's solution _ instead of serum. 

Evaluation of Effect of Heated Normal Ser m on Leukoc le Chemotaxiss. 
Serum rom normal AB donors was heated at 56 C in a w ater bath for 20 
minutes. The leukocyte-rich supernatant from thermally injured patients was 
incubated with the heated AB serum at 37 C for 20 minutes. This suspension 
was diluted ~th Hank ' s solution and 2 ml of this mi xture containing approxi­
mately 4 •x 10 cells were placed in the upper comi:artment of the chemotactic 
chamber for evaluation of leukocyte chemotaxis . . 1'\S controls, Hank's solution 
and normal serum type AB were incubated in dupiicate. 

Evaluation of the Effect of Albumin on Leukocyte Chemotaxjs of Therm­
ally Injured Patients. Two ml of the leukocyte- rich suspension obtained 
from thermally injured patients was incubated at 1: 1 ratio with salt poor, 
human albumin * (25 g/100 cc) for 20 minutes. The suspen ion was dilu~d 
with 5 ml Hank's solution and 2 ml of this mixture (approximately 4 x 10 
cells) was placed in the uppe;· chamber of the chemotactic chamber for evalu­
ation of leukocyte chemotaxis. As controls, incubation wi th Hank's solution 
and normal serum type AB was performed in duplicate. 

RESULTS 

Chemotaxis in Thermally Injured Patients. As simultaneous daily con­
trol values, the chemotactic index was measured in a total of 44 normal, 
healthy volunteers (ages 23 to 54 years) . A mean value of 764. 4 with 95% 
confidence limits of 750 to 780 was observed. 

During the first 72 hours following injury 24 patients were studied. 
Burn size and functional chemotactic index were inversely related, with a 
regression oJ y = 85. 3 - 0. 59x (y = functional chemotactic index, x = burn 
size), and r = 0.34 (Fig. 2). 

After 72 hours, the patients separated into two groups, survivors and 
nonsurvivors, with the surviving patients demonstrating improvement in 
leukocyte chemotactic function during their hospital courses (Fig. 3). The 
nonsurviving patients demonstrated neithE:r significant increase or decrease 
in leukocyte chemotaxis from admission unti I death. The average functional 
chemotactic index in the surviving groups was 97. 7, SE + 2. 3; whereas the 
average in the nonsurvivi ng was 39. 9, SE + 2. 3 (Table 1T. No patient with 
a functional chemotactic index below 60 bey-ond 72 hours after injury sur­
vived; only one patient with an index greater than 60 expired . Statistical 
comparison revealed a significant difference between the mean indices of 
these groups (P ~(O. O 1 ) . 

Diminished chemotactic function was observed prior to clinical infection 
in al l patients who ultimately succumbed to infection. The onset of clinical 

* Cuttev- Laboratories, Berkeley, California. 
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infection was not associated with any change in the functional index. Func­
tional chemotactic index did not vary with either the agent us •d for topical 
chemotherapy or with other identifiable differences in treatment. Age and 
sex were also without effect. 

Effect of Burn Serum on Normal Leukocyte Cherr,otaxis. Serum obtaine~ 
from 27 burn patients treated with mafenide acetate ¥' 1th a mean burn size of 
46. 3% total body surface (range 18.0 to 75%) produced signifi cant suppression 
(P<<O. 01) of chemotaxis of normal control leukocytes, decreasing the ~hemo­
tactic index to 54.0% of control values (Table 2). The serum of 14 burn 
patients treated with si Iver sulfadiazine (mean total body surface burn 65. 0%, 
range 30. 5 to 96.0%) also suppressed normal control leukocyte chemotaxis to 
42.4%ofcontrol (~0.01). However, the silver nitrate patients' serum pro­
duced no suppression of normal leukocyte chemotaxis although burn size 
was simi tar to the mafenide acetate treated group. Simultaneous control AB 
serum had no effect on normal leukocyte chemotaxis. 

Effect of Topical Chemotherapeutic Agents on Normal Leukocyte 
Chemotaxis. Mafenide acetate and its metabolite, p. carboxybenzenesulfona­
mide al a physiologic concentration ( 10 mg%) usually obtained during treat­
ment of major thermal injuries produced significant suppression (P< 0.01) of 
normal control leukocyte chemotaxi-> to 68.5% (SE+ 1.9) and 58.1% (SE+ 2.0) 
respectively, of baseline values (Table 3). Increasing the concentration of 
mafenide acetate to 100 mg% resulted in a m~re pronounced depression (S4. 7% 
SE+ 2.7) of normal leukocyte chemotaxis (P~0.01). Sutfadiazine and sodium 
sulfadiazine at concentration of S mg% produced marked suppression of normal 
leukocyte chemotaxis to 24. 6% ar,d 32. 8% respectively. Gentamycin at a con­
centration of 4 ug/ml produced no significant change of norma I leukocyte 
chemotaxis. The suppressions exhibited by adding the topical agent dir ctly 
to the cell suspension are simi tar lo the suppressions obtained by incubating 
with burn serum from thermally injured patients treated with these agents. 

Effect of Acetazolamide on Normal Leukoctile Chemotaxis. Sine mafe­
nide acetate inhibits carbonic anhydrase, thee feet of acetazolamide on nor­
ma leukocyte chemotaxis was a.so evaluated at concentrations of 50 ug/ml 
and 100 ug/ml. Animal carbonic anhydrase inhibition occurs at serum levels 
of SO ug/ml. Acetazolamide at SO ug/ml produced no suppression of normal 
leukocyte chemotaxis; whereas at 100 ug/ml there was slight depression, to 
8S. 2% of control (P(0 .01). We conclude that carbonic anhydrase inhibition 
by mafe.-,:de acetate was not responsible for the depression se n with burn 
serum or mafenide acetate. 

Effect of Dialyzed Burn Serum on Normal Leukoc te Chemotaxis. Non­
dialyzed burn serum obtained from 1J patients treated with ma enide a et te 
with '3 mean burn size of SO. 2% total hody surface (range 18 . O to 70. 5%) pro­
duced suppression of normal leukocyte chemotaxis to 43. 9% of control values. 
Dialyzing the burn serum for 48 hours with a pho phate buff r significantly 
reduced (P<<O . 01) the degree of suppre sion by burn serum to a m "an value 
of 84. 0% (Table 4). Dialyzed burn s rum obtained from nine patient treated 
with s ilver sulfadiazine (mean burn size 69. 7%, range 30 . S to S.96%) a l o 

2J6< 



T
ab

le
 

2
. 

E
ff

ec
t 

o
f 

B
u

rn
 S

er
u

m
 o

n
 

N
or

m
al

 
L

eu
k

o
cy

te
 C

h
em

o
ta

x
is

 

S
u

lf
am

y
lo

n
 

Si
 I

v
er

 
N

it
 ra

te
 

S
i I

v
er

 S
u

lf
ad

ia
zi

n
e 

N
u

m
b

er
 

• 
27

 
3 

14
 

M
ea

n 
F

u
n

ct
io

n
al

 
C

h
em

o
ta

ct
ic

 I
n

d
ex

 
54

.0
%

* 
11

1
.8

%
 

42
.4

%
 

0 
S

ta
n

d
a
rd

 E
rr

o
r 

+
 

3
.8

 
+

 
5

.8
 

+
 

2
.3

 

- I 
B

u
rn

 S
iz

e 
-

M
ea

n 
46

.3
%

 
40

.8
%

 
6

5
.0

%
 

,..,.
 

,. 
-

R
an

g
e 

18
 -

70
. 5

 
35

. 5
 -

48
 

3
0

.5
 -

9
6

 

* 
S

ig
n

if
ic

an
tl

y
 d

if
fe

re
n

t 
fr

o
m

 
co

n
tr

o
l,

 
P 

<
 0

. 0
1

. 

2
3

7
<

 



T
a

b
le

 
3

. 
E

ff
e

c
t 

o
f 

C
h

em
ot

h
er

ap
eu

ti
c 

A
g

e
n

ts
 

in
 
v
it

ro
 o

n
 

N
or

m
al

 
L

eu
ko

cy
te

 C
h

e
m

o
ta

xi
s 

-
-
-

C
h

e
m

o
th

e
ra

p
e

u
ti

c
 A

g
e

n
t 

C
o

n
c
e

n
tr

a
ti

o
n

 
N

o
. 

M
e

a
n

 
F

u
n

c
ti

o
n

a
l 

C
h

e
m

o
ta

ct
ic

 I
n

d
e

x
 

M
a

fe
n

id
e

 a
ce

ta
te

 
10

 
m

g%
 

6 
6

8
. 5

%
 +

 
1

. 9
 

M
a

fe
n

id
e

 a
ce

ta
te

 
10

0 
m

g%
 

6 
54

.7
%

 +
 2

.7
 

t':·
 p-c

a
rb

o
x
y
b

e
n

z
e

n
e

s
u

lf
o

n
a

m
id

e
 

10
 

m
g%

 
6 

58
. ,

,
 +

 
2

. 0
 

Cf
 S

o
d

iu
m

 s
u

lf
a

d
ia

z
in

e
 

5 
m

g%
 

4 
36

.7
%

 +
 2

.0
 

S
u

lf
a

d
ia

z
in

e
 

5 
m

g
\ 

4 
24

.6
%

 +
 

3
.6

 

G
e

n
ta

m
y
c
in

 
4 

u
g

/m
l 

4 
97

.8
%

 +
 
7

.4
 



N
 - I .....
. -

T
a

b
le

 
4

. 
E

ff
e

c
t 

o
f 

D
ia

ly
z
e

d
 
B

u
rn

 
S

e
ru

m
 

o
n

 
N

o
rm

a
l 

L
e

u
k
o

c
y
te

 
C

h
e

m
o

ta
x
is

 

S
u

lf
a

m
y
lo

n
 

D
ia

ly
z
e

d
 

S
i I

v
e

r 
S

u
lf

a
d

ia
z
in

e
 

D
ia

ly
z
e

d
 

B
u

rn
 
S

e
ru

m
 

B
u

rn
 
S

e
ru

m
 

B
u

rn
 

S
e

ru
m

 
B1

..4
rn

 
S

e
ru

m
 

N
u

m
b

e
r 

M
ea

n
 

F
u

n
c
ti

o
n

a
l 

C
h

e
m

o
ta

c
ti

c
 
In

d
e

x
 

S
ig

n
if

ic
a

n
c
e

 

B
u

rn
 S

iz
e

 -
M

ea
n

 

R
an

ge
 

1
0

 

4
3

.7
%

 P 
=

 (
 'l

.0
0

1
 

50
.2

%
 

1
0

 

84
.0

%
 

1
8

.0
 -

".
'0

. 
S 

2
3

9
<

 

9 42
.0

%
 P
=

(
0

.0
1 

69
. 7

%
 

9 82
.8

%
 

3
0

.5
 -

96
.0

 



17-13 

produced significantly (~b.01) less suppression than did the non-dialyzed 
burn serum with mean values increasing from 42.0% to 82.8%. These studies 
suggest that dialysis removed a chemotaxis-suppressing substance or sub­
stances, presumably the topical .therapeutic agents mafenide acetate and 
silver sulfadiazlne. 

Effect of Normal Serum on Burn Leukoc te Chemotaxis. In 33 p?~ients 
with a mean burns ze o 46. 8% total body sur ace area (range 14. 5 to 70. 5%) 
and having a mean baseline chemotactic index of 61. 1% (SE !. S. 7) there was 
a marked increase of leukocyte chemotaxis as incubation with normal AB 

. serum (Table 5). Levels increased to 107. 7% (SE + 48) of simultar eous nor­
mal controls. Normal AB serum Incubated with normal cells had no effect 
on leukocyte chemotaxis. The improvement of chemotaxis by normal serum 
was not related to the agent being used for topical chemotherapy and was 
not a dilution effect, since similar diultion with Hank's solution in the con­
trol runs had no effect. 

Effect of Heated AB Serum on Leukocyte Chemotaxis. Six patients with 
a mean burn size of SO. 0% total body surface burn (range 32 to 63%) and a 
mean functional chemotactic index of 70.6% (range 35.6 to 119%) demonstrated 
a significant (P~0. OS) Increase of functional chemotactic index (mean 102. 6%; 
SE+ 3.25; range 93.115%) when their leukocyte-rich suspension was incubated 
with normal type AB seru%. However, wh~n the normal type AB serum was 
heated for 20 minutes at 56 C, cooled at 37 C and then incubated with leuko­
cyte- rich suspension, there was no increase or decrease in the functional 
chemotactic index (mean 72. 5%; range 41. 3 to 106. 7%) (Table 6). This experi­
ment suggests that the factor or factors in normal s~rum responsible for im­
proving the chemotaxis of leukocytes from thermally injured patients are 
heat labile. 

Effect of Albumin on Leukocyte Chemotaxis. Four patients with a mean 
burn size of 26. 5% total body surface (range 27 to 30%) and a mean functional 
chemotactic index of 86.4% (range 44.9 to 119.4%) demonstrated no signifi ­
cant increase in leukocyte chemotaxis when their leukocytes were incubated 
with salt poor human albumin. The mean functional chemotactic index after 
incubation with salt poor albumin was 74. 8% (range 35. 3 to 111. 2%). Although 
the albumin used was commercial salt poor albumin, this experiment suggests 
that the albumin fraction is not the active factor in normal serum responsible 
for Increasing chemotaxis of leukocytes from thermally injured patients. 

DISCUSSION 

Chemotaxis is an important biologic phenomenon determining the direc-
tion of motion of bacteria, plant and animal cells in reproduction.nutrition, 
cellular organization and Inflammation . Various methods have been used to 
study chemotaxls but the method devised by Boyden in 1962 (Boyden S. J Exp 
Med 115: ~53, 1962)

4
, based on the ability of leukocytes to migrate through 

a filter toward a chemotactic agent, has been the most useful because of Its 
simplicity and reproducibility. A number of modifications of this technlc 
have been devised (\\'ard PA, Lepow IH, Newman U. Amer J Path 52 : 725 1968· 7 

240< ' ' 
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Table S. Effect of Normal Type AB Serum of 
Leukocyte Chemotaxis of Thermally Injured Patients 

Baseline 
Normal Serum 

Incubation 

Number 

Mean Functional Chemotactic 
Index 

Standard Error 

Significance 

Burn Size 

241< 

33 

61. 1% 

+ 5.7 

P = ( 0.01 

33 

107.7% 

+ 4 . 8 

46.8% (Range - 14.S - 70.S) 
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Ward PA. J ~p Med 128: 1201, 1968; 6 Zigmond SH, Hirsch JC . J Exp Med 
137: 387, 1973 ) . The importance of chemotaxis in the function of polymor­
phnnucleocytes is demonstrated in figure 4, since even leukocytes fully 
capable of ingesting and ki !ling microorganism are incapcitated if unable to 
sense and be directed towards the invading pathogen. 

This study demonstrates (1) an intrinsic defect in the chemotaxis of 
leukocytes from burned patients and (2) suppression of the chemotaxls of 
normal leukocytes by serum from burned patients treated with either ma e­
nide acetate or si Iver sulfadiazine. 

Chemotaxis is suppressed soon after burn injury and this suppression 
is proportional to the extent of injury . That this suppression is not a drug 
effect is indicated (1) by its occurrence in patients treated with silver ni­
trate; (2) by its reversal upon incubation with normal serum, an effect re­
moved by heating the serum, and (3) by the failure of dilution alone to du­
plicate the effect of normal serum. In addition, the serum from one patient 
did not suppress the chemotaxis of normal cells during treatment with si Iver 
nitrate but inhibited such chemotaxis during treatment with Sulfamylon soaks 
(Fig. S) . The chemotaxis of the patients' own cells was suppressed during 
both forms of treatment and subsequently returned to norma I. 

The effects of mafenide acetate and si Iver sulfadiazine upon normal leuko­
cyte ch ' motaxis are readily demonstrated at concentrations which occur in 
serum d ring treatment. Silver nitrate does not exhibit such an effect in 
vitro. -

Susceptibility to opportunistic infection is a hallmark of burn injury . The 
etiology of this susceptibility is not understood, but one prop~ed explana­
tion is failure of granulocyte defense. Others have demonstrated functional 
impairment of granulocytes 1from burned patients (Alexander JW, Moncrief 
JA. Arch ~urg 93 : 75, 1966; Alexander JW, Wixon D. Surg Gynec Obstet 13~: 
431, 1970; Curreri PW, Heck EL, Brown L, Baxter CR . Surg ry 74 : 6, 1973 ), 
and this study suggests that delivery of these impaired granulocytes may also 
be faulty. The study further suggests a di lemma : the use of either mai nid 
or silver sulfadiazine to protect th burn wound from infection m y cause 
further suppression of the delivery of granulocytes and thereby nhanc th 
susceptibility of the patient to infection by other routes. Such a hazard of 
therapy ha not be n examined previously and its importanc i not d fined 
at this time. 

lncubatio in normal s rum r lores rh motacti c function to th gr nu­
locytes obtain d from burn d pati nts. Thi re toration of funct i n ap ars 
due to a heat hbi I component of normal serum . If similar r torati n of 
function can be achieved in vivo, this obs rv tion may hav clinical import­
ance, since such restoration would p rmit a di r ct test of h r ldtion hip be­
tween ch motactic uppr ssion and usc ptibility to opportuni tic inf ction 
in burn d pati nt . 

REFERENCES 243< 
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HOST DEFENSE MECHANISMS 

BACTERIAL STIMULUS 

1 
VASCULAR RESPONSE 

l 
LEUKOCYTE HARGINATION 

l 
LEUKOCYTE CHEHOTAXIS 

l 
PHAGOCYTOSIS 

l 
INTRACELLULAR DIGESTION 

EXTRACELLULAR 
BACTERIAL DEATH 

COMPLEMENT 
+ 

ANTIBODY 

RETICULOE~TRANSFER TO IM,tJNE 
SYSTEM COMPETENT CELLS 

Figure 4. Host defense mechanism r1gainst bacteri al invasion . 
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Figure 5. Functional chemotactic index versus day postburn demon­
strating suppression of normal leukocyte chemotaxis by burn serum after 
beginning mafenide acetate topical therapy. 
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attempting to collect serum speci mens from a ppropriate patients. 
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ABSTRACT 

PROJECT NO. 3Al61102B7IR-OI, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: COMPLEMENT COMPONENTS IN THE THERMALLY INJURED 
SOLDIER (TOTAL, C1,C3, C5, and CS LEVELS) AND 
THEIR RELATIONSHIP TO BACTERMIA 

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

Period covered in this report: I July 1973 - 30 June 1974 

Investigators: W. Abe Andes, MD, Major, MC 
J. Murray, SP4 
Arthur D. Mason, Jr. , HD 

Reports Control Symbol MEDOH-288 (RI) 

The role of complement In the thermally injured patient is 
undefined. Occasional studies have been done at various stages 
postburn. No study has attempted to measure functional levels of 
c, , C3, C5, and ca in the seriously burned soldier. This protocol 
is intended to evaluate changes in such complement components with 
the onset of bacteremla and the patients subsequent course . With 
such Information, the existence of deficiencies, complement activa­
tion , and correlation with other studies current in this institution 
may be made. 

To date no sequental studies of complement factors in the ther­
mally Injured patient have been made. We are setting up the assay 
procedure and attempting to collect serum specimens from appropriate 
patients. 

Complement 
Therma I Injury 
Infect ion 
Burned so Id i er 
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23. (U) To determine what alterations in circulating thymlc hume ral factor occur 
fol lowing thermal injury of military personnel. 

24. (U) Lymphocyte mediated eel lular immunity has been s hown to be dec r eased i~ 
pat lents with severe burn s and in experi mentally burned ani mal s. The deve I opmen t of 
a radloirmtuno assay for thymic hume ral fac tor wi 11 allow us to de t e rmine If a 

deficiency In the hormonal output of the thymus g land plays a rol e In thi s 
i11111unosuppress ion . 

25. (U) 73 07 - 74 06 Blood sampl es from 21 burned pati ent s have been drawn within 
the f irst week fol lowing injury and at two week Interval s thereafte r. Ten of these 
patients survived the ir burns and have been fol lowed with blood sampl es to the ti me 
0 d i scharge . Such sampl es have been fro zen and !, nt t o Dr. Allan Gold s t e in' s 
laboratory in Galves ton where they are awaiting analysis. 
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ABSTRACT 

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

REPORT TITLE: THE CORRELATION OF THYHIC HUMORAL FACTOR LEVELS AND 
CELLULAR IHHUNITY IN BURNED MILITARY PERSONNEL 

US Armv Institute of Surgical Research, Brooke Army Medical Center, 
Fort Sam Houston, Texas 7823~ 

Period c,,vered In this report: July 1973 - 30 June 197~ 

lnvestl~Jators: Norman S. Levine, HD, Major, MC 
Roger E. Salisbury, HO, Hajor, HC 
Arthur D. Mason, Jr. HD, Major, HC 
Allan L. Goldstein, HD* 
Basil A. Pruitt, Jr. HD, Colonel, MC 

Reports Control Syni>o1 HEDOH-288{R1) 

The purpose of this Investigation Is to determine If alterations In 
c i rculating thymic humora1 factor occur foll<Mlng thermal Injury of 
military personnel. Blood samples from 21 burn patients have been drawn 
within the first week fo11<Mlng thermal inj 11ry and at two week intervals 
thereafter. Ten of these patients survived their burns and have been 
followed with blood samples to the time of discharge. The remaining 11 
patients were studied at two week Intervals until the time of death. 
These samples have been frozen and sent to Dr. Allan Goldstein's labora­
tory In Galveston, Texa~. where they are awaiting analysis. 

Thymus 
Burns 
lnmunity 
Thymlc humeral factor 
Burn patients 

*Biochemistry Department, University of Texas Medical School at 
Galves ton, Galveston, Texas 77550 
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THE CORRELATION OF THYHIC HUHORAL FACTOR LEVELS AND CELLULAR 
IHHUN ITV IN BURNED HI LITARY PERSONNEL 

It has been demonstrated that both severely burned patients and 
severely burned animals show a depressiyn of lymphocyte mediated ce11u1ar 
lnwnunlty. In burned patients, Rapaport has shown that the ability to 
exhibit a delayed hypersensitivity reaction Is Impaired both with regard 
to primary sensitization (~CB) and with regard to the anamnestlc response 
to a variety of skin tests. In animals with experimental burns, the 
anamnestlc response to tuberculin skin testing Is altered,2 a11ograft 
rejection Is pro1onged,3 and ttls prolongatJon has been shown to be pro­
portional to the size of bum. Moreover, the ability of lymphocytes 
from a burned animal to e1i~it a graft versus host reaction in an F1 
hybrid animal Is depressed.) These changes may correlate with the lympho­
cytopenla observed In patients fo11owing thermal injury. Recent electron 
microscopic studies and animal studies suggest a selective Joss of thymic­
der I ved lymphocytes fo 11ow l ng therma 1 l nj ury. 6 • 7 

There ls considerable evidence to show that the ce11u1ar immune 
response Is In part contro11ed by a thymic humoral factor. This factor 
plays a critical role in the prenatal and neonatal development of cellular 
lnmunocompetence and has been shown to be needed for the maintenance of 
ce11ular lnwnunocompetence throughout adult Jife. Neonata11y thymectomlzed 
animals become inmunolncompetent: the absolute nLl1i>er of blood lympho­
cytes to these animals Is depressed, as Is the capacity ~f these animals 
to reject a11ograft, induce a raft vfir~us host reactior,, and maintain 
body weight and lymphoid tissue size. • It has been demonstrated 
that such "inwnunoincompetence" could be reversed In these animals by 
lff1)1anting isogeneic thylll.ls tissues inc1osed In a millipore filter 
chamber. This suggested that the thymic tissue elaborates a humoral 
factor capable of restoring 11 inmunocompetence 11 to such animals. Recently, 
a purified fraction of thylll.ls gland, thymosln, has been isolated which, 
when administered to neonatally thymectomized mice, can restore their 
cellular 11 lmmunocompe ·,ence 11 In terms of the tests mentioned above. Hore­
over preparations of h"'"an thyrrosln have been made available and have been 
used In treating neonatal disorders Involving thymic insufficiency. 

The purpose of this investigation was to determine if a thymlc in­
sufficiency Is present In severely burned military personnel. 

MATERIALS AND METHODS 

Serum samples from 15 normal Individuals and from 21 therma11y Injured 
patients were drawn. In the patients with thermal injury, the initial 
sample was drawn within the first week following burning, and sa~Jes were 
drawn at two week intervals until recovery or death occurred. Of the 21 

- r-1< A.J 
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therNlly Injured patients studied, 11 died, and 10 survived the burn. 
These sa111ples were lnmedl tely frozen and transported to Or. Allan 
Goldstein's laboratory at the University of Texas In Galveston, Texas, 
where they are awaiting analysis of thymlc humoral factor levels. 
decause of difficulties encountered In that laboratory In the perfor­
Nnce of a radlolnnunoassay, the determinations on the sa~les have not 
yet been performed. It Is anticipated that these will be done within 
the next year. 

SUNMARY 

Serum samples on 21 burn patients, collected within the first week 
after thennal Injury and every two weeks thereafter have been frozen and 
conveyed to Dr. Allan Goldstein's laboratory In Galveston, Texas, where 
they are ai,altlng analysis of serum thymlc humoral factor levels. 
Frozen samples on 15 normal Individuals have also been sent. It Is an­
ticipated that these assays will be performed within the next year. 
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23. (U) To d<.termine the cau e of the dysproteineni a observed following burn injury 
and to determine if the more marked dysproteinemia sen in the presence of infe tion 
of th burn wound is an effect caused by some action of the bacteria. It is hoped 
that this wil l aid in understanding similar changes which are observed in burneo 
so ld iers . 

24. (U) The anount of C-14 incorporated into the scrum protein of burned, burncd­
infected, treated burned-infe ted, and control rats has been measured. Study of 14 
incorporation at the subccllular level will be done to corroborate the in vivo resu Yt • 
The intravascular/e travascular distribution of albumin is bing measured by radio­
inm.inoassay using plasmas and extracts of tissues obtained on the sixth day postburn. 

25. (U) 73 07 - 74 06 Albumin content has been measured in blood de isceratcd 
carcasses of groups of control, burned, and burned-infe ted rats. These r suit s ha c 
onfirmed the earlier ones whi ch indicated that the tissue albumin pool size in the 

injured rats was elevated at a time when the pla ma altx.min pool size was lower than 
normal. The incrL , sed tissue pool si e was a resu lt of the high content of albumin in 
the burn woun~. Other tissue were equal to control v lucs. The study of prot in 
turnover is continuing . 
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ABSTRACT 
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Investigators: W-,da L. Brown, MS 
E 1 e-,or G. Bowl r, PhM 
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Reports Control Symbol HEDDH-288(R1) 

Measurements of 2-14c glycine incorporation into ser1.111 proteins 
have been made on th following groups of ratss control, burned, 
burned-infected, and burnect-4nfected treated topically with Sulfa,nylon 
acetate. Incorporation of 1 C into all ser1.111 electrophoretic fractions 
was greater in the injured rats than in the controls. Concentrations 
of alpha-I, alpha-2, and beta globulins were 11s0 elevated in the ser1.111 
of the injured rats. Sert.n albumin concentrations were depressed. 
However, measurements of albumin content of the tissues of burned .-id 
burned-infected rat s showed higher levels th-, con rol tissues. The 
incrP.ased body albumin could be accounted for by the elevated content 
ft e hurn wound. A manuscript is in preparation o report the 

c<Jn1)1ete results of this phase of the study of protein turnover. 

Protein 
Burn 
Trauma 
Turnover 
Rats 
Albumin 
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23. (U) The purpose of this s udy will be to det rmine th effect of adrenergic 
blockade on the metabolic respc,nse following thermal injury of military personnel. 

21r. (U) Hypermetabol I c 1,,at ients wi 11 be studied b twe n the ltth and 21st postburn 
days. Basal oxygen consumpt ons will be performed in the early morning and regltl e 
and propanalol administered to achieve alpha and beta adrenergic blockade. Blood 
glucose, Insulin, and free fatty acids will be obtained before and after blockade 
and core t empe rature nd ,)xygen consumption will be obtained follo1o,lng blockade . 
Adequacy of beta block i ll be tested by giving 2 mcg of isuprel IV at the end of the 
infusion and moni tor! ~ heart rate ands rum free fatty acids. 

25. (U) 73 07 - 71t 01 Nine studies re pe r formed In ix patl nts. No consistent 
change In metabolic ra e was seen with alpt,J blockade alon , mean basal metabol:c rate 
was 70,7 7,9 Klal/m2/hr before blo<' k~de and 68.1 ± lt.6 Klal/m2/hr fol lowing blockade 
(N-3). A ; lgnlflcant deer ue In metabolic rate · s associat d with combln d alpha a 
beta (N•6, 69.6 ± 5,3 vs SJ .It ± 5,2) or beta blockade alone, associated wi t h a 
decrease In pul se rate, blood pr ssure, minute volume and f re fatty acids. 

OtTIONI OIi' THl 8 ~o ...... oe•o\. , • . 00 ~o .... ••N•. I NOV •• 
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ABSTRACT 

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

REPORT TITLE: THE EFFECT OF AORENERGIC BLOCKADE ON THE HYPERMETABOLl ~ 
RESPONSE FOLLOWING THERMAL INJURY OF MILITARY PERSONNEL 

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

Period covered In this report: 1 July 1973 - 30 June 1974 

Invest I gators: Douglas W. Wilmore, HD, Lieutenant Colonel, MC 
James H. Long, HD, Major, MC 
Arthur D. Mason, Jr., 'tD 

Reports Control Symbol HEDDH-288(R1) 

Nine studies were performed In six patients. No consistent 
change In metabolic rate was seen with alpha blockade alone, mean 
basal metabo~lc rate was 70.7 t 7.9 Kcal/;.,2/hr before blockade and 
68.1 t 4.6 Kca1/m2/hr following blockade (N• 3). A significant de­
crease In metabolic rate was associated with combined alpha and beta 
(N-6, 69.6 t 5.3 vs. 57.4 t 5.2) or beta blockade alone, associated 
with a decrease In pulse rate, blood pressure, minute volume, an<i 
free fatty acids. 

Adrenerglc blockade 
Hypermetabol Ism 
Oxygen consuff1)tlon 
Burn p t lents 
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THE EFFECT OF ADRENERGIC BLOCKADE ON THE HYPERHETABOLIC 
RESPONSE FOLLOWING THERMAL INJURY OF MILITARY PERSONNEL 

Nine studies were perfonned in six patients (Table 1). The pa­
tients were placed In a warm environment in the early morning and 
allowed to rest and equilibrate with the ambient conditions for several 
hours. Basal studies of pulse rate, blood pressure, respiratory rate, 
minute ventilation, metabolic rate, serum free fatty acids, blood 
sugar, and insulin were performed. Blockade was e fected by the Intra­
venous administration of phentolamine (RegitineR), 75 mg (alpha 
blockade), or phentolamine, 75 mg, and propanolol (lnderalR), 75 mg 
Infused over 15 to 30 minutes (combined alpha and beta blockade). The 
adequacy of beta ~lockade was determined by the absence of response 
In heart rate or increase in serum free fatty acids following intra­
venous administration of 2 ug isoproterenol (lsuprelR). Orthostatlc 
hypotenslon and nasal stufflnes . "'ere present in patients following 
alpha blockade. After adequate blockade, the initial studies were 
repeated. 

Effect of Adrenergic Blockade 

No consistent change In metabolic rate was seen with alpha blockade 
alone, and the mean basal :ootabollc rate was 70.5 ± 7.9 Kc · 1/m2/hr be­
fore blockade and 68. 1 ± 4.6 Kcal/m2/hr following blockade (n•3). 
However, there was a significant decrease in metabolic rate associated 
with combined alpha and beta blockade (Table 2) or beta blockade alone, 
and this response was associated with a decrease in pulse rate, blood 
pressure, minute ventilation, and free fatty acids. The dose of pro­
panolol required for competitive blockade of the beta receptor system 
In these hypermetabolic burn patients was greater than the dose required 
for normal man, and a persistent sympathetic break-through occu r red 
with the• administration of smaller doses of the drug per unit time. 
Metabolic activity returned to Its preblockade level within two to three 
hours following drug administration. 

PUBLICATIONS AND/OR PRESENTATIONS 
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Patient 

1 

2 

3 

4 

5 

6 

Mean 

Range 

21-2 

Table 1. 

DESCRIPTION OF PATIENTS STUDIED FOLLOWING ALPHA 

AND BETA ADRENERGIC BLOCKADE 

Body Total Body 
Age Weight Surface Surface Burn 

{Yecirs) {Kg) Area (m2) (Per Cent) Per Cent 3° 

38 113 .0 2. 15 51 22 

34 7].0 1.91 66.5 39,5 

18 10.0 1.92 55 18 

22 48.0 1.59 76 33.5 

21 7i,7 2.05 28 .'5 4 

14 52,9 1.54 57 27 

24 73. 1 1.86 55,5 24.0 

14-38 48.o- 1. 54- 28.5-76 4-39.5 
113 .o 2. 15 
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Post burn 
Day 

Studied 

22,24 

13 

24,28,31 

37 

9 

27 

24 

9-37 
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23. (U) To evaluate the nutritional efficacy of s tandard high ,, otei n diets, 
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24. (U) The effect of nutritional support and nitrogen los s was eva lu ated in 
43 studies in normal and injured man . Measurements included ca oric and nitrogen 
intake, metabolic rate, insulin, cor tisol, catecholanines , growth hormone, glucose, 
fatty acids, urea nitrogen, and nitrogen e cretion . 

25. (U) 73 07 - 74 06 Four major fa tors interacted to determine nitrogen balance . 
A positive correlation existed between nitrogen balance and nitrogen intake , non­
protein caloric intake and basal insulin . As metabo li c rate in reased, positive 
nitrogen balance decreased. Ot her factors appc red to inf luence these major variables. 
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ABSTRACT 

PROJECT NO. 3Al61102B71R-OI, RESEARCH lN BIOHEDlCAL SCIENCES 

REPORT TITLE: EVALUATION OF GASTROINTESTlNAL ABSORPTION AND 
NUTRITIONAL EFFICACY OF STANDARD HIGH PROTEIN 
DIET IN BURNED SOLDIERS 

US Army Institute of Sur'gical Research ·, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234 

Period covered In this report: I July 1973 - 30 June 1974 

Investigators: Douglas W. Wilmore, HD, Lieu tenant Colonel, HC 
Amanda Din, First Lieutenant, AMSC 

Reports Control Symbol HEDDH-288(Rl) 

The effect of nutritional support and nitrogen loss was evaluated 
In ~3 studies In normal and Injured man. Measurements Included caloric 
and nitrogen intake, metabolic rate, insulin, cortisol, catecholamines, 
growth hormone, glucose, fatty acids, urea nitrogen, and nitrogen ex­
cret Ion. 

Four major factors interacted to determine nitrogen balance. A 
positive correlation existed between nitrogen balance and nitrogen 
Intake, non-protein caloric intake and basal insulin. As metabolic 
rate Increased, nitrogen balance decreased. Other factors appeared 
to influence these major variables. 

Gastrointestinal absorption 
High protein diet 
Trace elements 
Humans 
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EVALUATION OF GASTROINTESTINAL ABSORPTION AND NUTRITIONAL EFFICACY OF 
STANDARD HIGH PROTEIN DIET IN BURNED SOLDIERS 

The effect of nutritional support on metabolic rate and nltr en 
loss was evaluated In 43 studies In normal and Injured men. The pa­
tients. with a mean burn size of 53 per cent of the body surface 
(Table 1), received a wide range of nutritional support administered 
by the enteral, parenteral, or entera1-parentera1 routes. The normal 
Individuals were studied the day before epinephrine infusion as prev­
iously described. Resting metabolic rate was detennlned in all sub­
jects between 6:00 A.H. and 8:00 A.H. at least thrP-e hours after ces­
sation of ad llbitum oral caloric Intake. However, calories and nitro­
gen administered by the lntraveno11s route were cnntinued at a constant 
Infusion rate during the measurem~nt period. Blood was obtained for 
determination of glucose, urea, free fat ~Y acids, insulin, human 
growth hormone, glucagon, cortisol, and catecholamines and a timed 
urine specimen was obtained for catecholamine determination. The 
caloric and nitrogen intake for the accompanying 24-hour period was 
determined from the composition as listed by the manufact ·;rer, and 
food Intake was determined by the dietitian from known lots of food 
prepared in the research metabolic kitchen. Urine was collected in 24 
hour pools and concentrations of sodiu~, potassium, creatinlne, urea, 
and total nitrogen determined. Generous estimates of stool losses 
(2-3 gm nitrogen/day) were made for the few patients receiving cnteral 
residue-containing diets. Wound loss was not measured. Insulin was 
administered as required to those patients with elevated blood or 
urine glucose and human growth hormone, 10 international units, was 
given dally by •intramuscular injection to nine subjects to evaluate 
the effect of endogenous reset of insulin output. 

The mean values of all measurements obtained over three to seven 
days In the patients were computer-processed with the control data to 
determine the Interaction and effect of caloric and nitrogen support 
and metabolic rate on nitrogen excretion. 

Increased nitrogen excretion was associated with hypermetabol ism 
and/or with Increased dietary protein Intake. Nitrogen excretion de­
creased with administration of nonproteln calories and/or an increase 
in plasma Insulin (Tables 2, 3). Metabolic rate was related to urinary 
catecholamines as previously described, and a positive correlation also 
existed between glucagon levels and catecholamine excretion. Each of 
these three variables relates In similar fashion to protein metabolism, 
with a positive correlation existing between urinary catecholamines, 
metabolic rate, or glucagon and nitrogen excre tion. Metabolic rate 
and catecholamine excretion were not reduced by calorie and nitrogen 
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Tab 1 e 1. 

CHARACTERISTICS OF SUBJECTS STUDIED 

Body Total Body 
Age Weight Surface Surface Burn Hean Pos tbu. rn 

Subject (Years) (Kg} Area (m2) (%) ' 3• Dav Studied 

Cont ro I 

23 55.8 1.66 0 0 

Patient 

18 52 1.61 58 28.5 a. 25 
b. 63 

2 17 60.6 1. 76 58 ,~.5 6 

3 33 72.6 1.98 50.5 2.5 a. 12 
b. 26 

,. 29 70.3 1.83 '+7.5 14 15 

5 63 ]3.6 1.87 31.5 25 17 

6 64 95.2 2.20 59 54 10 

7 51 95.0 2. 19 58 27.5 6 

8 64 57.2 1.66 39 23 5 

9 39 90.0 2.08 23* 10 9 

· 10 29 50.0 1.59 47 0 18 

11 60 67.3 1. 84 62 53 42 

12 25 54.3 I. 64 78.5 11 31 

13 41 53.0 1.65 60 8 a. 77 
b. 85 

I It 19 11.0 1.98 33.5** 33.5 a. 255 
b. 248 

264< (Cont I nued) 
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Table 1. (Cont I nued) 

CHARACTERtSTlCS OF SUBJECTS STUDlED 

Body Total Body 
Age Weight Surface Surf ace Burn Mean Pos tbu rn 

Subject (Years) (Kg) Area (m2) (%} % 3• Day Studied 

Patient 

15 28 58.0 1.90 75.5 57 a. lt9 
b. lt2 

16 16 62 .o 1. 79 38 , ,. a. 2lt 
b. 17 

17 18 66.0 1.88 6lt 22 a. 17 
b. 2lt 

18 18 66.0 1.88 6lt 22 a. 32 
b. 26 

19 21 76.5 1.95 lt5 26 a. 20 
b. 2lt 

20 34 85.0 2.00 60 16.5 a. 2lt 
b. 17 

21 22 lt8.0 1.59 56.5 33.5 a. ,.,. 
b. 37 

22 14 lt2.0 1. Sit 57 27 a. 36 
b. lt3 

f1ean 33 66.9 1.8lt 53 2lt 29+ 

Range 11t-61t 1t2.o-95.2 I .Slt-2.20 23-78.5 0-57 6-255 

*Multiple fracture. 

** Initial Injury 75 per cent; wound partially grafted before tran fer. 

+Excluding patient No. llt. .. · Z65< . ., . 
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Tab le 2. 

METABOLIC RATE, CALORIC AND NITROGEN INTAKE, NITROGEN EXCRETION 
AND BASAL INSULIN IN NORMAL AND INJURED HAN 

NI trogen Hetabol It: Nitrogen Non-Protein 
Subject Excretion Rate Intake Caloric Intake Insulin 

(gm/m2/Day) (Kcal/m2/Day) (gm/m2/Day) (Keal /m2/Day) {>JU/ml) 

Controls 
(Fed) 

7.9Q 888 9.00 1!96 20.7 

le 8.06 769 9, 12 810 17.5 
,. 7.52 808 9.00 101 lt 13.8 

5 8.23 871 .IO. 10 1104 14.0 

6 1.10 889 8.71 1133 9.4 

7 8.52 835 10.50 990 17 .o 

Controls 
(Fast Ing) 

lb 5. 33 750 0 0 9.5 

2 4.33 823 0 0 11.0 

3b 8.93 919 0 0 12.5 

Pat I ents 

la 8.79 2030 6.52 2258 6.0 

lb 11 .42 1545 20.20 2466 24 

2 11 • 52 1718 5.68 1392 9.5 

3a 14.0 2244 12.38 1436 17,5 

3b 10. 1 llt04 13.00 1893 13.0 

,r66 
"' < 
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Table 2. (Cont lnued) 

METABOLIC RATE, CALORIC AND NITROGEN INTAKE, NITROGEN EXCRETION 
AND BASAL INSULIN IN NOIU1AL AND INJURED KAN 

NI trogen Metabol I c Nitrogen Non-Protein 
Subject Excretion Rate Intake Ca lor le Intake lnsul In 

(gnvm2/Day) (Kea I /m2/Day) (gm/m2/Day) (Kca1/m2/Day) y,U/1111) 

Patients 

,. 13. 10 1521t 15 .84 165lt 1 It. 5 

5 1 o. Ito 1312 9.51 1187 2lt 

6 7.92 1 lt95 0 913 37 

7 12.ltlt 1680 0 5lt8 19.5 

8 7.99 1022 ,. • 31t 850 13.5 

9 15. 71t 1608 0 515 36 

10 10. lt8 2200 8.01 2lt60 Ito 

11 9.9 1:,26 8.50 1280 61 

12 7.5 2026 1.15 2006 25 

13a 8.6 1175 12.2 2009 17 

13b ,. • It 1375 12.2 2009 31 

llta 6.0 1207 15.8 2'J55 23 

1 ltb ,. • 7 1207 IS.8 2055 80 

15a 9.7 1716 13.6 1931t 2lt 

15b 6.5 1716 13.6 1931t 1t9 

16• 12.8 1658 17. 1 1907 17.5 

16b 9.9 1658 1 7. 1 190 23.7 

~67< 
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Table 2. (Continued) .. 
METABOLIC ftATE, CALORIC AND NITROGEN INTAKE, NlTROGEN EXCRETION 

AND BASAL INSULIN IN NORNAL AND INJURED HAN 

NI trogen Metabol le NI trogen t4on-Proteln 
Subject Excretion Rate lntak~ Ca lorl c Intake Insulin 

(9"'/-2/Day) (Kca1/m2/Day) (gm/m2/0ay) (Kcal/m2/Day) {JJU/ml) 

17a 15. 1 1616 16. I 1a.66 10.7 

17b 10.7 1666 16. I 1a.66 20. 1 

18a 9.1 906 13.5 1 a.58 26 

18b 7.3 906 13.5 1a.58 a.2 

19a 15.6 I a.a.o I 7 .5 1733 9.2 

19b 12.5 I a.a.o 17.5 1733 28 

20a 15.0 189'1 13.8 1560 12.0 

20b 16.0 189 .. 13.8 1560 15.5 

21a 12. 7 1878 22.0 2a.50 30 

21b 9-5 1878 22.0 2a.50 a.6 

22a 2.6 179 .. • ... 0 IS.. I 16.8 

22b 8.0 179a. I a. .O 18lt1 lt5. 6 
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Table J. 

HATHEHATI CAL RE1 AT lllNSHI PS BETWEEN EhENiY PRODUCTION, FOOD 
INTAKE, HIT~O-:iEN EXCRETION, AND BASAL INSULIN 

NIN • Nitrogen Intake (Kcal/ml/Day) 

NEXC • Nitrogen Excretion (Kcal/-2/Day) 

NBAL • Nitrogen Balance [NIN - NExcJ (Kcal/.Z/Day) 

HR • Metabolic Rate (Kcal/~/Day) 

NPC • Non-Protein Caloric lnta~ (Kc.1/-2/Day) 

Bl • Basal lnsul In (pU/ml) 

p<0.05, Factors listed In order of F-Ratlo 

NEXC • -i . 398 + 0.4153 NIN - 0.004530 NPC 

- 0.07746 Bl+ 0.01696 HR 

- 0.000004 HR2 

N • 35 (Eight values with error>251 wre ell• lnated) 

R2 • 0. 8246 

NBAL • -3.830 + 0.6072 NIN - 0.006599 f1R 

+ 0.004376 NPC + 0.05570 Bl 

N • 43 

R2 • 0.9001 
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adlllnlstratlon, confirming previous studies, but the protein-wasting 
resulting from the hypermetabo1ism was diminished or reversed with 
nonproteln calorie lntake, nt trogen admln lstrat Ion, and/or ,naneuvers 
whfch Increased basal insulin levels {Table 3). 

DISCUSSION 

The factors wh.tc~ affect protein metabolism tn injur d ma can be 
Identified by lnspectton or analysis of our data. first, the Influ­
ence of dietary factors: protein intake Increases excretion of uri ,,ary 
nitrogen, and nonprotel'n calorie Intake decreases ni rogen excretion. 
The nitrogen conserving effect of calorie Intake is in part mediated 
by Insulin stimulation, and a variety of metaLollc studies confirm the 
positive correlation between protein sparing and Insulin during calorie 
administration following Injury. On the other hand, our data Indicate 
that metabolic rate descr,bes an effect on protein metabolism which Is 
antagonistic tu the anabolic activity of Insulin. Nitrogen metabolism 
appears to be uetermlned by the Interaction between Insulin (the dom­
·nant nabollc hormone) and sympathetic activity. · • measured or ex­
pressed by catecholamine excretion rat , metabolic rate. or glucagon. 
Thus, a sp~,lflc relationship between nitrogen balance and nitrogen 
and nonprote n calorie Intake exists In injured man, If an adjustment 
Is made for the ,arlous factors which alter Insulin levels (such as 
the proportion o,: fat and ca,.t,ohydrate in the nonproteln component of 
the diet, the ro e of food administration. and the exogenoJs adminis­
tration of Insulin) ~nd the level of sympathetic activity In the pa­
tient. Finally. protein and calorie Intake does not diminish the 
hypermetabollc response to injury. but feeding the patient minimizes 
or prevents severe protein wasting which may alter optimal body func­
tion. 

PUBLICATIONS ANO/OR PRESENTATIONS 

None 
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23. (U) To study the lncid nc of abnormal prothrombln times and the response to 
Vitamin K1 In the thermally lnjur d so ldi r. In some instanc s this wl II lso erv s 
an lndlcat · n of Vitamin K d fi cl ncy In such patl nts. 

24. (U) On -stag prothrombin times wi'. I b p rform d ch w k for four we son 
patients admitted to the US Arrr,y Institute of Surglc I R earch ward. Aft r a patient 
I found to hav I s th n 1oi prothrombin comp! x ctivity on two cons cutlve days he 
will be treated with lib ral doses of Vitamin K nd his prothrombin ti r asur d. 

25. (U) 73 07 - 74 04 Fifty pati nt have b n s tudi d seri lly for periods of time 
great r than two k po tburn. Fourt n hav b vall bl for treatment and 
adequ te followup as outlined In the protocol. hown rk d improv nt in 
prothrornbln activity and two hav had a partial r ~ponse. Antibiotics, Ind quat di t, 

nd prolonged ho pital iz tion y II b etio logic g nts In th productl~n of 
Vitamin K-r sponslv prolong tion of th prothrombln tlm . 
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ABSTRACT 

PROJECT NO. 3Al61102B71R-OI , RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: VITAMIN K DEFICIENCY IN THE THERMALLY I~tJURED SOLDIER 

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

Period covered in this report : July 1973 - 30 June 1974 

lnvestigato s: W. Abe Andes, HD, Major, MC 
Daniel E. McEuen, SP4 
Joseph P. Baron, SP4 

Repcrts Control Symbol MEDDH-288 (RI) 

A vitamin K deficient diet or treatment in an Intensive care 
unit may predispose patients to the onset of hypoprothromblnemia 
due to vitamin K deficiency within seven days to four months. The 
sometimes inadequate diet of the thermally injured soldier and other 
conditions which seem to be favorable to the production of vitamin K 
deficiency prompted the investigation of 'the frequency with which 
v itamin~K responsive prolongation of the prothrombin time might occur 
in such patients. Weekly blood studies were drawn following thermal 
Injury until the patient was fully ambulatory and eating a normal 
diet without symptoms. Vitamin K1(0.25 mg/kg) was administered intra­
venously to those patients who manifested an isolated defect in pro­
thrombln time. Treatment was instituted when less than 70% of normal 
activity was manifested on two or more occasions. Fifty patients 
have been studied for two or more wee' s following thermal injury since 
the inception of the protocol. fourteen patients were treated and 
available for adequate follow1 ip. Five patients had a complete response 
evidenced by shorten ing of t he ir prothrombin time to normal . Two had 
a partial response. Seven had no response to this regimen. Four of 
the five responsive patients were on total parenteral nutrition or 
minim~) oral carbohydrate intake. The fifth had been on a reduced 
diet for several months postburn without vitamin suppl ementation. 
The responsive patients were treated between 8 and 188 days postburn 
and had rapid correction of their prothrombin time. No patient had 
other evidence of a vitamin deficiency syndrome. The occurrence of 
vitamin K deficiency has been documented following thermal injury and 
seems to respond adequately to therapy when severe liver impairment 
is absent. 

Thermal injury 
Pro t hrombin time 

Vitamin K 
Burned soldier 
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VITAMIN K DEFICIENCY IN THE THERMALLY INJURED PATIENT 

Hemorrhage, abnormal coagulation studies, and marked weight 
loss are well known in the critically injured patient (Pruitt BA,Jr, 
Foley FD, Mason AD: USAISR, Ann Prog Rpt FY 1971, Sec 32;3 Eur4nius 
K, McManus WF, McEuen DD: USAISR Ann Prog Rpt FY 1971, Sec 39; Ham 
JH : Med J Aust 2: 716-718, 1971) 2. Some of these patients develop 
vitamin K deficiency as evidenced by an abnormal prothrombin time 
correctable by administration of the vitamin. Clinically disabled, 
elderly patients may manifest abnormal prothrombin times respon­
sive to vitamin K. (Hazell K, Baloch KH: Gerontol Clin (Basel) 12: 
10, 1970)5. The activity of vitamin K is confined to a role in the 
product ion of coagulation factors n 6 VII, IX, and X. (Woolf IL, 
Babior BM: Amer J Med 53: 261, 1972) . The usual exogenous sources 
of the vi amin are dietary vegetables although synthetic vitamins 
and endogenous elements are available for treatment purposes. 

In this study we have attempted to define the prevalance, sig­
nificance, possib le clinical causes, and response to treatment with 
vitamin K of isolated abnormal prothrombin times in the thermally 
injured patient. Whole blood studies were drawn as seemed clinically 
Indicated but at least weekly for weeks whenever possible following 
thermal tnJury. Specimens were drawn, mixed with citrate and imme­
diately chilled on ice . Coagulation studies were then performed by 
methods used previously In this lab. Such studies have included 
prothrombin time, activated partial thromboplastin time, fibrinogen 
concentration, fibrin-fibrinogen degradation product titers, plate­
lets, plasma hemoglobin, studies for circulating anticoagulants, 
peripheral blood smears and other studies as seemed necessary in 
the Individual patient. 

Fifty patients have been studied for at least two weeks postburn. 
The~e have been sixteen survivors of this group of fifty patients. 
Fourteen patients fulfilled the criteria for treatment and were eval­
uable for followup study. Of these fourteen, seven were judged non­
responders, five responded fully and two manifested partial responses. 
The mean burn size of the group was 45% of the total body surface area. 
The mean burn size of the survivors was 41 % and the mean burn size of 
t~e nonsurvivors was 48%. Of those treated, the mean burn size was 
43% and the responsive patients had a mean burn size of 51%. All of 
the patients treated in whom studies were available had at least one 
abnormal liver enzyme test and several were jaundiced . The five pa­
tients who responded to vitamin K administration were treated between 
8 and 188 days postburn. Four of the five had been on almost contin­
uous intravenous hyperalimentation and antibiotics. The fifth was 
poorly nourished and had been on multiple antibiotits for five months 
because of s kin infections. Two p, tients with active bleeding had 
clinical improvement with correction of their prothrombln time. 
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The nonresponders and partial responders all had liver function 
test or p thological hepatic ahnormal -ities sufficient to explain 
their unresponsiveness. Antibiotic therapy and an inadequate 
diet do seem to be important etiologically in the group of patients 
who respond to vitamin K. 

An abnormal prothrombin time should be investigated in the 
thermally injured patient with careful clinical examination and 
appropriate laboratory tests, although vitamin K deficiency has 
been documented in the postburn period. No allergic reactions or 
other clinical ill effects were noted following treatment with 
vitamin K. However, a sense of effectiveness induced by such treat­
ment should not cause one to overlook other causes for an abnormal 
prothrombin time in the postburn period. 
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23. (U) To determine if neutalization of hydrogen ions by antacid administration in 
burned soldiers who manifest disruption of the gastric mucosal barrier will prevent 
progre ssive gastri c mucosal danage, gastric hemorrhage and perfora tion. 

24. (U) All patient s admitted to the Institute of Surgical Research within 72 hours 
after sustaining greater than 35% total body surface injury will be considered for 
this study. A lithium flux test will be performed as has been previously described 
within the 72 hour postburn period. Half of he patients who manifest disruption of 
the gas t ric mucosa] barrier on lithium flux testing will be randomly assigned to 
receive a standard antacid preparation. The remainder of the patient s with disruption 
o f the gastric rnucosal bi'!rrier will receive no intragastric neutralization of acid. 
The patients with disruption of the gastric mucosal barrier who receive antacid 
therapy will be statistically C""l)ared as regard s hemo rr hage and perforation to those 
with di srupt i on of the gastric mucosa! barrier who receive no antacid therapy. 

25. (U) 74 01 - 74 06 This project has just been initiated and there is insufficient 
data to analyze at this time. 
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ABSTRACT 

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

REPORT TITLE: ,\ THERAPEUTIC TRIAL OF ANTACID IN PREVENTION OF THE 
CLINICAL COMPLICATIONS ASSOCIATED WITH GASTRIC HUCOSAL 
DISEASE IN BURNED SOLDIERS 

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

Period covered In this report: 1 July 1973 - 30 June 1974 

ln,estigators: Joseph C. McAlhany, Jr., H.D., Maj, MC 
Albert J. Czaja, H.D., Maj, MC 
Basil A. Pruitt, Jr., M.O., Colonel, MC 

Reports Control Symbol HEDDH-288(Rl) 

A lithium flux technique has been utilized to assess the integrity 
of the gastric mucosal barrier (GHB) fo llowing thermal injury. Within 
72 hours post burn, disruption of the GHB was correlated with endoscopic 
progression of gastric mucosal disease, gastric hemorrhage or perfora­
tion in 7 of 8 patients. No instance of gastric hemorrhage or perfora­
tion was e ,countered in 10 patien s with a normal GMB. This data suggests 
that the lithium flux technique may be · useful index of clinical gastric 
complications occurring after thermal injury. 

Patients admitted to the U.S. Army Institute of Surgical Research 
within 72 hours after sustaining greater than 35% total body surface 
injury will be considered for a therapeutic trial of antacid in prevent-

. ion of the clinical comp lications associated with gastric mucosa! disease 
after burns. A lithium flux test will be performed, as prev·ously des­
cribed, within 72 hour post burn period. The pa t ient population will 
then be randomly assigned to receive a standard liquid antacid prepara-
tion or no intragastrlc neutralization of acid. 

The data generated by the study will allow stati s tic 1 comparison 
as regards the incidence of 11emorrhage and perforation. The patients 
with disruption of the gastric mucosa! barrier who receive antacid therapy 
will be contrasted to those with disruption of the gast~ic mucosa! barrier 
who receive no antacid therapy. The se comparison~ will clarify the 
effectiveness of antacid in prevention of cl inicdl comp I ications associat­
ed with progressive gastric mucosal disease aft e r burns. 

Curl ng's ulcer 
Burned soldiers 
Antacid 
Ga stritis 
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23 . {U) To describe the characteristics of diarrhea o cc urring in thermally injured 
military personnel during the first month postburn . To iden tify the nature, time of 
occurren e postburn, and cause of the disorder, it s icidence by age ; associated 
physi c al findings; and its re lationship to nutritional in take. 

24 . (U) Patient s , admit t ed within 72 hours postburn, arc observed periodic ally fo r 
four atcgories of data for four we ks : ( 1 ) phy si al finding s , (2) characteristic 
of stools , (3) med ica l therapy pertinent t o the ga s troint stinal tra t, and 
( 4) nut r i ti on a 1 i n t e . 

2S . (U) 74 01 - 74 1)6 Bowel habi s of 29 pat i ents aged 11 irunth s l o 76 years, with 
18-96t TBS burn s , were studied for up to 28 d ys . Chara teristi s o f s too l s w re 
correlated wi th al 1: rations in diet, drugs , nd phy sica l x 1i nation . Eight een 
pati ents d ve loped loo s e stools during the f irst 2 weeks rostburn , up to 14 lime s daily 
for up to 16 day s dur ti on . Seven of 9 chi l drcn (78%) h d di arrhea, ompar d to 11 of 
20 dul ls ( SS%). Seven adult pati en t s , s urvivi ng for 3 to 14 d ys po s tburn, had.!22, 
stools . Milk into l erance was c learly rel a ed t o di rrhea in 3 pa tient ., , and may have 
e ist din 4other s . Diarrhea was nonin Lious and did not ppear r lated to burn 
size. In 10 pati ent s , the natur of the di rrhea ugg sted a sm, 11 bowe l, nonsecr tory 
etiology . In Sp ti nl s diarrhea was le rly re l ated to gastrointestional bleeding . 
A s e e r t or y etiology of undct rmined n lur was p,obabl in the other 3 ases . Ex ept 
for bleeding pa ien s , th diarrh a seem elf-limi ing and sily ontrol l d with 
synl) oma i c trea tm n t . 
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ABSTRACT 

PROJECT NO. 3A161102B71R-01, RESE ARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: DIARRHEA IN THERMALLY INJURED MILITARY PERSONNEL 

US Army Institute of Surgical Rese arch , Brooke Army M dical Center, 
Fort Sam Houston, Texas 78234 

Period covered in this report: 1 July 1973 - 30 June 1974 

Investigato rs: Madeline L. Bluemle, LTC, ANC 
Albert J. Czaja, M.D., Major, MC 
Amanda Din, ILT, AMSC 

Reports Control Symbol MEDDH-288(RI) 

Fr quen cy and character of dia rr' ,ea after thermal injury was 
determined by evaluation, for up to 28 days postburn, of bow I 
habits of 29 consecutive pati ents aged II months to 76 years, wi th 
18-96% total body s ur fa ce burn. Character and frequency of stoo ls 
were correlated with alterations in d ie , drugs , and phy s i ca l 
examination. Eighteen patient s devel op d loose s tools, duri ng th 
fir s two weeks postburn, up to 14 ti m s daily, for up t o 16 days 
duration. Seven of nine children (78%) had diarrhea , compared to 
11 of 20 adults (55%). Sev n adult pali nts , s urvivi ng for thr e 
to 14 day s postburn, had no tools. Di rrhea in three pa t i nts 
appeared cle r ly re l ated to an intole r~nce of milk product s , and 
in one patient also to an intol erance or f ruit s . Milk in o le r nee 
may have existed in four other patienls . Diarrhea was noni~fec­
tious, and did no appear rel t d to burn s iz , se ps is, or ant i­
biotic therapy. Diarrhea, whi h occurred frequ nt ly in p tints 
who were fed in the early pos burn p r iod , prob bly reflec d 
m chanical dy s funct ion of th bow 1 imm d iat ly after burn i njury. 
In some pati nt , an unexp l ined s cretory component wu suggested 
by loose s tool s unre lated to f eding. Ga t roin st inal b l edi ng , 
which occurred in five diarrheic pati r t s , prob bly udd d act r­
tic effec t to th s ot her f f cs . Ex t for h pal i nt \-Ji h 
bl eding pro bl m, the di rrh If- li mit d and s i ly con-
trolled with ympt mat ic Lr Wh>n milk lnLoler nc w sus-
p c ted, r triction o mi I cl<; \I f Liv 

Di rrhea Po tbur 

Phy ica l fin ing A 
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DIARRHEA IN THERMALLY INJURED MILITARY PERSONNEL 

Diarrhea Is a frequently occurring management problem In the 
thermally injured patient. Such diarrhea may cause the los s of 
considerable amounts of fluid, electrolytes, and other nutrients 
at a time when the balance of these elements is c ritical. Nursing 
management can be complicated by repeated fecal contamination of 
burned areas or wound dr ssings . 

The problem of diarrhea in the burned patient has not been 
evaluated. This prospective study was conducted to describe the 
incidence, characteristics, and course of diarrhea in the ther­
mally injured patient during the first month postburn. 

METHODS 

Therma ly injured patients admitted to the burn unit within 
72 hours pos ~burn were studied for up to four weeks postburn. 
Patients with electrical injury, known abdominal trauma, a history 
of gastro intestinal surgery, chronic diarrhea, or drug abuse were 
excluded. 

Physical findings, frequen y and character of stools, 1 inica1 
course, and dietary intake were monitored in each patient. Obser­
vations of clinical status were made as soon as possible after 
admission, at least weekly thereafter, or more frequently if loose 
stools were noted. Signs and symptoms related to the abdomen and 
gastrointestinal tract, daily body temperature, daily weight, and 
presence of sepsis were noted. A loose , semi liquid, or watery 
stool was considered abnormal. 

In patients with diarrh a, rectal contents of fr sh stool 
pecimens were tested for pH, using pH indicator dipsticks with 

ranges of 4.0 to 7,0 and 6.5 to 10.0. Accuracy of thes indicators 
was verified by comparison with similar rang s of pH buff r solu­
tions. After emulsification in one ml of distilled water, stool 
specimens were test d for reducing subs tanc s with urin sugar 
reagent tabl ts. Testing with known concentrations of glucos 
showed this method to be sensitive to solutions as w aka ,05% 
glucose. Stools were al so tested for occul blood, us ing blood 
detection r agent tabl t s or guaiac-impregnat d filt r paper. 
Smear!., stained \vith crystal viol t solution,~ re examined Imm di­
ately for white blood ce lls. I f lo,s ~tools d ve lop d, a tool 
cultur was obtained by r cla l wab and on stool sp cim n was 
examined for ova and p rasit s. 

~79 
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Obs rvations cone rning medical th rapy were limited to nota­
tions of antibiotic therapy, treatm nt of dia r rh a and the pati nt's 
respons to it, and any medications or procedur s which might hav 
had an effect on ga troint stinal function. 

The typ of di t, e s tim t d amount s of supp l mental and total 
mi lk product , and total fluid intak and output w r monitor d 
daily. 

RESULTS 

Patients 

Twenty nine patien ts , ranging in ag fr 11 months to 76 
years, with 18% to 96% to t al body surface th rmal injuries, w r 
studied for one to 28 days aft r admission (s Table 1). Eight en 
patients developed loos s tool s during th first two we ks p st ­
burn. Eleven of the se patients expired; only two of th surv,v,ng 
patients had uncomplicated recov ries. Seven adult pati nt , with 
53.5% to 96% total body surface burns, surviving for thr e to 14 
days pos tburn, had no stoo l s. Only four patients had normal bowel 
mdven~n ts throughoutthe study period. 

There was a higher incidenc of diarrh a amon inale pa ti nt.; 
(68.8%) than amon~ fe males (42.9%). Al so, all patients who de­
v~loped gastrointestinal bleeding as w 11 as diarrh a we re mal s . 

loose bowel movement var ied from one to 14 pr day, with an 
av rage of 6.8 per day. Diarrhea in each patient rang d from one 
to 16 days , with an av ?rage duration of 7.4 days. Sixt n of th 
1e pati nt with diarrhea had at 1 ast th r e wat ry or loos stoo l s 
per day. Diarrh a was int rmitt nt in nine cas 

Although diarrhea could d v lop anyti m wi th i~ th fir t fou r­
teen days pos tburn, for 15 patient s , it s ons t wa dur ing th fir s t 
week, most commonly on the thi rd or f urth hosp i al day. In pa­
tients studi d four w s , diarrhea g n r ll y aba d during th 
third or fourth k ven wh n symptomat ic Lr a tm nt w s no 
ordered. 

Th i nc id nc of dlarrh a by rac or thn ic b ckground is 
pr s nt d in Tabl s 1 and 2. s ven of nin pat I nt with pi qm nt d 
sk in h d loos s tool s . Two bl ck nd one pat i nt of Spanish 
anc try '" how d a tr ng r ~ 1 t ion hip b tw n mi 1 ing s ion nd 
di rrh a . Di a rrh I mpr JV d or a d fo r a l I hr with in n 

t80 
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day after e~cluslon of milk product from th di t. In on black 
patient, diarrhea app ar d to b ggr v t ~ hy th ing tion of 
fruit. Although diarrhea in thi pati nt continued with d creas d 
frequ ncy after mi lk product r tri tlon, it s d on ly fter 
exclusion of all fruits from the di t. Th r turn of fruit to 
her diet a week after continu d lini ... I imprnv men Jid not pre­
cipit tea recurr nee of ymptom 

Four other pati nt d iblP r I tionship of loo 
stools to milk Inge tion. Thre nts re of Sp nish ance try, 
one was a non-Spanish Cauc ian inf nt. V riation in fr qu ncy 
of loose st I re trongly relat d to qu ntiti of milk in-
g sted in two pati nt and h d a a r r lation hip in th 
other two pati nts. Stools of all four pati nts had r, cid pH 
and thos of three p ti nts conta ined reducing ub tan e . Cra l 
feedings w re di continued for two p tients. Hil products were 
not withheld from th oth r two pati n s, on of whom h d diar-
rh al st<>vls untii h xpired, wherea th other had a te dy 
decline in fr quency of stools with decreased milk Inge tion until 
he was di charged three ks po tburn. 

In only thee of the 18 patients with diarrhea was th re a 
strong relationship betwe n the on t of diarrh and in titution 
of a diet after a p riod of food re triction. Stand rd ho pit I 
diets, with upplem nt of fruit juic , mil , or high prot in, 
high calorie , mil -b s d uppl m nts re provid din II p ti nts 
in a form ppropriate to their condition . Di ~ary int ke vari d , 
In th t diet re chang d fr quently or withh Id as n c itat d 
by fluctuation in patients' c lini cal conditions. Hot p ti nt 
with very large burns wer usually not f d initi lly; many p ti n 
In this category xpired b fore diets w re initi ted. 

Only three patients rec iv d p cific 
tions; treatment was succ ssful in two c e 
tlents wa also treated by mil r strictio~. 
had so 1nlti I relief o ymptom, but I 
h morrhag which r quired total col ctomy . 
r celv cl numerou d tiv s, but th h d 
controll:ng th Ir di rrhe Th 
or had pont n tion 
of di rrh to le th 

pp r n t. 

Physic Findings 

rrh i c 
of th 

ic -
p -

Phy le I findings w r 
rh le from non-di rrh I p 

not h lpful In di lngui hlng i r-
l II D e r db I und,m ", ld 
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to moderate abdominal distention, and hy rth rmi 
both group of p tlents wi~h uffici nt fr quency 
diff renti tion by th se c riteria. 

occurrerl ·n 
o preclud 

Only four of th 10 pati di rrhea w!· could r -spond 
toque tionlng complained of bdominal pain, u ual ly er mpir,~ i 
nature . In two of these pati nts who h d possibl milk intoler nee, 
pain and di rrh a abate with r trictlon of mi l produc .3 . Anoth r 
pat! nt developed gastroint tinal bl eding along with th di rrh a 
and abdominal cramping. 

Th re were v ry low incid nc of incr d bow I sounds , 
nausea, vomiting, abdominal rigidity, hypoth rmia, and sepsis. 
Again, frequencl s w re abouc equ I ly divided between the two 
groups. W i gh t changes nd burn i ze w re I so xam i , d nd f('\u nd 
to ha,e no apparent relationship to incid nee of di rrh a. 

Stool Characteristics 

Stool consistency, color, nd amount re variable, being 
liquid to 1'.>0se-sof t nd generall y ~ II in vo lume. In only ven 
patients re stools expel led for fut ly. 

Sevent en of th 18 pati with diarrhea had stool 
for occult blood; ight had con aining frank blood. 

po i ive 
Al 1 

r ct I cultures r negativ fo r bnormal organ• ms, w r II 
stool pecim for ov,1 nd par White blood eel I counts 
of r ctal m r were r.orm I in ses. 

nee. 

Stool 
6.5 or Jes 

tool with 
with acid 
of pati nt 

~i th di r r a who d for 
o e from 

I so had 

t I nt who h 
with pH 

po itlv for r 
r In thr p ti n 

prob b I y m i I k I• 

n w r po itiv 
vid n e of mi l k into ! r 

ub t nc 
6.0. Of 

pH of 
Stool " 

re 

C n 
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some reducing substances in o,e specimen, but no diarrhea at the 
time of testing. 

DISCUSS ON 

Diarrhea developed in 63.1 % of patients following thermal 
injury. Loo e-watery bowl movement , up to seven per day, com­
monly complicated the clinical course of th se oati nts during th 
first w ek postburn and continu d, in so cases, Intermittently 
for up to three weeks postinjury. Although over 50% of adults 
(11 of 21 patients) dev loped diarrhea, children (~ev n of nln 
patients) were more prone to suffer this complication, and the 
cours of their diarrhea was usually more prolonged. In all ~a­
tlents, the diarrhea was noninfectiou ands 1f-li11llt d, usua lly 
resolving wit~in nine day ev n when left untr at d. Although 
volume losses were never difficult to manage, and s ignificant 
weight chang s did not occur as a result of the diarrhea, pati nt 
comf rt did suffer and nursing management was complicat d by fr -
quent wound cleansing or dressing changes in an effort to minimize 
contamination. These increas d nursing care activiti s reduced 
time available to patient~ for needed rest or sleep. 

Stool volumes and consiste~cy were variable and wer indica­
tive of both small and large bowel dysfu ction. Diarrh a in thes 
patient , pro ably funct'onal, usually occurr d when feeding wa s 
begun In the presenc~ c ' abdoMinal di tention and d er as d bo 1 
sounds. Under these circumstances, abn :m 1 bo 1 function migh 
be anticipated, since secretory functions and int s tln ' motility 
are probably alter~d In this early period postburn by mnximal 
humoral (catecholamine, glucagon) and neurological (sympoth~tic) 
stimulation as well as by alt rations in vi scera l blood flow 
(Harrison TS, Seaton JF, Feller I, Ann Surg 165:169-172, 1967; 
Wilmore OW, t al, Lancet 1: 73, 1974; Hamilton JR, Radd IC, 
Johnson G, Amer J Med 44:453-462, 1968).l-3 A bow I motility r -
covered, th diarrh~a t nded to improv sp ~~ r u ly v n with 
continued feeding of tl1e pat nt . In the p tlent ~, th diarrh a 
w s not s ver nd did no ml tigat importanc of oral 
feeJlng • Symptoms might b. b tt r limiting quantities 
off edlng adm in ist red dur !ng the po tbu rn. 

Ov r 38% of pa I nt s wi h di rrh d 
to ~,1 . Th w r . prim rily p I nt 

re r cognlz d to h v high l11c ld nc of.._ : di ry di hari-
dase o flcl ncy (N we r AD, Hyo Clinic ~roe ding 48: 4 -652, 
1973; 8 (I s TH, J Amr DI t A 60 : 478- 482, 1972; Di ll JE, 1, 
fvn r J Cl in Nutr 25:869-870, 1972). 4-6 In h p I nt , hi 

~85< 
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enzyme activity ~lght have been further diminished by their In­
creased caloric requirements during the early pastburn period. A 
"relative" malnutrition could llmlt enzyme activity (Bowle HD, 
Brlnckman Gl, Hansen JDL, lancet 2:550, 1963; Bowle -ND, Brlnckman 
Gl, Hansen JDL, J Pedlat 66:1083, 1965; Kumar V, Chase HP, Amer J 
Clln Nutr 25:485-489, 1972).7-9 This lower tolerance for mll k was 
usually challenged In the first week postburn by frequent adminis­
tration of milk-based nutriments. loose stools with low pH ~~d 
with reducing substances following milk administration Justified 
the diagnosis of lactase deficiency (Newcomer AD, Mayo Clinic Pro­
ceedings 48:648-652, 1973; Lifshitz F, CoeJio-Ramlrez P, Contre ~ , _ 
Gutierrez H, J Pedlat 79:612-617, 1971).lf, These patients t" ''• ·• 

complained of crampy abdominal pain and their symptoms Improve· , 
rapidly when ml lk was restricted. In Infants and young chi ldre · . 
this type ol diarrhea could ·be fur t her aggravated by fructose I: 
gestlon (Lifshitz F, Coello-Ramire · P, Contreras-Gutierrez H, 
J Pedlat 79:612-617, 1971; llfshlf~ ff Coello-Ramirez P, Gutierre~: 
Topete G, J Pedlat 77:595, 1970). - The milk substrate was 
better tolerated late In the convalescent period, Indicating only 
a transient compromise In dlsaccharldase activity. Symptoms could 
be controlled In these patients by the restriction of mllk-based 
nutriments during the early postburn period. These nutriments, If 
needed, could be best tolerated during the second or third week 
postburn and thereafter. 

Several patients continued to have loose stools even when 
fasting. In these cases, a secretory component to thT diarrhea 
was likely (Fordtran J, Fed Proc 26:1405-1414, 1967). 2 Elevations 
of plasma glucagon In the lnmedlate postburn period may have con­
tributed to thl.s se~retlon (Fasth S, H_ulten L, Acta Physlol Scand 
83:169-173, 1971);13 stimulation of Intestinal cyclic 3', 5' AMP 
by clrculatlng toxins, possibly endotoxln, might also have occurred 
(Fordtran J, Fed Proc 26·!405-1414, 1967; Field H, New Eng J Med 
284:1137-1144, 1971).12,1 This diarrhea also Improved spontane­
ously, presumably as the humoral stimulation diminished. The Inci­
dence and types of diarrhea were not related to burn size, occur­
rence of sepsis, or use of antibiotics. 

Although only about one third of the patients with loose 
stools had obvious gastrointestinal ble,~ding, stools of almost al I 
patients with diarrhea contained occult blood. This high Incidence 
of occult blood was anticipated, In view of findings concerning the 
Incidence of gastrolntestlnal bleeding recently described at this 
Institute. 

In sun111ary, diarrhea following thermal Injury may occur fre­
quently In patients who are fed In the early postburn period. This 
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diarrhea Is noninfectious and self-llmltlng, and probably reflects 
a mechanlcal dysfunction of the bowel lrnmedlately after burn. In 
some patients, an Inherited propensity to milk Intolerance may be 
transiently accentuated; In other~, an unexplained secretory com­
ponent may predomlnat.e. Gastrolntestlnal bleeding can produce a 
cathartic effect, which could be additive to these other effects. 
Recognition of this tendency for bowel dysfunction soon after ther­
mal Injury, and reassurance as to the benign natural history should 
permit early, effect·lve, symptomatic control, often with dramatic 
results, especially In patients with a transient milk Intolerance. 
Recognition of the high Incidence of diarrhea In children can alert 
medical and nursing personnel to the necessity for careful moni­
toring of bowel function In these susceptible patients. 
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23. (U) To cre•te a pulmonary Injury by Inhalation of nitrogen oxides and to evaluate 
the effect of various treatment modalities on such an Injury. 

7ft. (U) To date approximately 10 goats have received N20ft. Nearly all those so 
treated have developed either abnormal xenon lung scans or chest x-rays. Three 
goats showed a marked fall In pulmonary dynamic compliance following N201t Inhalation. 
All the treated animals have shown pathological changes In the lungs at autopsy. 
These changes varied from Inflammatory changes to pneumonia. Many of the goats 
•~so had obi Iterative emphysema. At the present time th~ effect of steroids on the 
N2o,. Inhalation Injury Is being studied. 

25. (U) 73 07 - 7ft 06 In sunmary, Instillation of N201t Into the goat trachea produces 
an Injury which results In changes In pulmonary mechanics, chest x·ray, and xenon lung 
scan. Present plans call for a similar series of goats to undergo the Inhalation of 
N201t while being treated with steroids In an attempt to determine the efficacy of 
steroid treatment on Inhalation Injuries. 
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ABSTRACT 
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REPORT TITLE: INHALATION INJURIES·-PATHOGENESIS AND TREATMENT IN 
BURNED TROUPS 
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fhe purpose of this study Is to create a pulmonary Injury by 
Inhal ation of nitrogen oxides and to evaluate the effect of various 
treatment modalities on such an Injury. Adult goats were anesthe­
tized and Intubated, following which 30 to 80 cc of N204 (nitrogen 
tetroxlde) were Instilled via the endotracheal tube. 

To date, approximately 10 goats have received N204. Nearly all 
those so treated have developed either aonormal xenon lung scans or 
chest x-rays. Three goats showed a marked fall in pulmonary dynamic 
compliance following N2o4 inhalation. All th~ treated animals have 
shown pathological changes In the lungs at autopsy. These changes 
varied from inflanmatory changes to pneumonia. Hany of the goats 
also had obllteratlve emphysema. At the present time, the effect of 
steroids on the N204 lnhalatlon Injury i~ b•Jing studied. 

In surmiary, lnstlllatlon of N204 Into the goat trachea produces 
an Injury which results In changes In pulmonary mechanics, chest x-ray, 
and xenon lung scan. Present plans call for a similar series of goats 
to undergo the Inhalation of N204 and thereafter receive systemically 
administered steroids In an attempt to determine the efficacy of 
steroid treatment on Inhalation Injuries. 

N204 
Inhalation Injury 
Xenon lung scans 
Surfactant 
Goats 
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23, (U) To determine the reliability of the 133 Xenon lung sc•n In detecti ng 
Inhalation Injury In c0111bat wounded personnel. 

A 

2ft. (U) Al I p•t ients wl th flame. ste• or blast lnjur les and suspected Inhalation 
Injury admitted to the USAISR receive• 133 Xenon lung scan on admission. The results 
of the scan are compared with clinical and pathologic diagnoses of Inhalation Injury to 
determine the reliability of the 133 Xenon sclntlphotography. 

2ft. (U) 73 07 - 7ft 06 Use of the 133 Xenon lung scan over the past year has 
demonstr•ted a high correlation of radl1tlon densities with subsequent cllnic•I 
pathologic•! findings and changes on ~candard roentgenograms. 
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ABSTRACT 

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

REPORT TITLE• USE OF l33xENON IN EARLY DIAGNOSIS OF INHALATION INJURY 
J~ BURNED MILITARY PERSONNEL 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort SM! Houston, Texas 78234 
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Investigators: Robert N. Agee, M.D., Major, MC 
Glenn D. Warden, M.D., Major HC 
John L. H~nt, H.D., Lieutenant Colonel, HC 

Reports Control Symbol HEDDH-288(RI) 

Xenon scans were performed on 104 patients admitted to the United 
States Army Institute of Surgical Research during 1973. This represents 
40% of the total number of burn patients admitted (261). Average burn 
size of those undergoing xenon scans was 47.3%. Seventeen of the patients 
were children less than 16 years old. 

Twenty nine patients had positive scans, 74 had negative scans and 
one had a technically inadequate ,can. Three of the positive scans were 
"false positive" (3%) and there were 16 ( iS.4%) false negative scans. 

Two patients underwent initial sr.anning more than 72 hours post burn 
and both scans were interpreted as being negative. Subsequent clinical 
changes in these patients indicated that the scans were falsely negative. 

Three patients had early positive scans with follow up negative 
scans with p?st bUf'n day 2, 4, S, and 6 respectively. 

lohalation injury 
llxenon 1 ung sc~,n 

Blast injury 
H1111an1 
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USE OF 133XENON IN EARLY DIAGNOSIS Of INHALATIOU 
INJURY IN B~RNED MILITARY PERSONNEL 

Injury to the respiratory tract from Incomplete products of com­
bustion or from steam I~ a common accompanimen t of cutaneous thermal 
Injury. Pulmonary damage does not usually become manifest either 
cllnlcally or by roentgenography until the 4th or 5th post burn day. 
Cllnlcal symptoms and signs during this ~rlod are unreliable as are 
conventional laboratory tests. Recently 133xenon scanning and flberoptlc 
bronchoscopy have found to be valuable In e~tabll~hlng the diagnosis early. 
The xenon washout ventllatlon scan technique experience at the USA-ISR 
during 1973 wlll be presented In this report. 

Moylan et al 1 reported the early dlag~osls of Inhalation Injury 
using 133Xenon lung scan In 1972. Fifty consecutive burn patients admit­
ted to the USA-ISR were studied using this method. Fifteen were found 
to have abnormal scans. No false positive or false negative scans were 
obtained as shown by cllnlcal-pathologlcal findings. 

During 1973 261 thermelly Injured patients were admitted to the 
USA-ISR. One hundred and four patients were studied by 133xenon scan 
(40%) and are Included In this report. Those patients excluded from the 
report Include scald, electrical and chemical burns, those minor burns 
not thought likely to have an associated inhalation Injury, and thos~ 
pat ients who could not be stabilized hemod)namlcally for movement to the 
Nuclear Hedlclne Service. 

The average cutaneous burn size was 47.3%. Seventeen of the patients 
were children less than 16 years of age. 

Of the 104 patients examined Initially, 29 had positive scans and 
74 had negative scans. One patient had a 11technlcally inadequate scan". 
Three of the positive scdns were "falsely positive" and there ~re 16 
(15.4%) "falsely negative" scans based on cl In I cal pathological findings. 

Two of the falsely negative scans were In patients who underwent 
Ini t ia l scanning more than 72 hours post burn. It Is possible that scans 
performed earlier, prior to the onset of significant hyperventilation, 
would have been positive. Three patients whose Initial scans were 
positive had follow up negative scans on post burn date 5, 6, and 24 
,·espectlvely. No scan performed after day 5 was positive unless an 
accompanying chest x-ray Infiltrate was present. 

SUMMARY 

133xenon scanning performed within the first 72 hours post burn Is 
a reliable means of detecting an Inhalation Injury early. Efficacy of 
treatment may depend on early diagnosis. Scientific evaluation of 
treatment demands early documentation of Inhalation chemical tracheo-
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bronchitis. 
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23. (U) To ••sure coagulation ch.,ges •s • fun tion of time following therm•I 
injury .,d to evaluate their effects in soldiers with hGROrrhagic cOlll)lic•tions. 

24. (U) Twwity p•tients oitted within 24 hours post-injury to the US Army Institute 
of Surgic•l Rese¥ch with a gre•ter th-, tot.I body surhce burn have been studied 
since the l•st report. Serial •ss•ys of coagulation indices in this group of p•ticnts 
were obt•ined •s early•• possible postburn but within 24 hours in all cases. 

25. (U) 73 07 - 74 04 Twenty patients were studied and found to exhibit m¥ked 
coagul •tion .,d erythrocyte ch.,ges. heh patien t had erythrocyte fragmenhtion in his 
peripheral blood sme• on .ci,•i ssion. Nine patients had nucle•ted erythrocytes within 
twenty-four hours postburn. Hyperfibrinolysis wa evidenced by prolonged thrombin 
tiines, -,d plasminogen depletion in m.,y of these patients. This hyperfibrinolysis 
seeined to d cre•se duri~g the hospitalization of each p•tlent to •t le•st SOlfte degree. 
Pl•telct counts fell in 17 of the 20 p•tient s during their hospit•lizatlon .,d within 
24 hours of injury In each of the six P•ticnts studied at le•st twice during th•t perl 
An abnormality in the prothrombin tiine or activated parti•I thromboplastin tlnie w•s •I 
noted frequently. These studies Indicate th•t there w•s •t least• tr.,sient, -,din 
soae CHH more prolonged, period of intravascul ar and probably bl. n wound oagul at ion 
with the developfflent of hyperfibrinolysis In respons to the coagul ction. Er1throcyte 
1110rphologlc ch.,ges di sappe•ed wf th in 72 hours postburn. 
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C~GULATION AINOIIMLITIES IN THER-LLY INJURED 
SOLDIERS 
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Period covered In this report: I July 1973 - JO June 1974 
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The v•rlety •nd severity of 11et•bollc, hellDdyn•lc, •nd blo• 
chealc•I ch•nges In .cute severe the,..I injury •re often striking. 
Co.gul•tlon, flbrlnolytlc, •nd erythrocyte 1110rphofoglc ch•nges •re 
often tr•nslent or u,_•sured In the coniplexlty of~ ring for such 
p•tlents •nd ln•1a1eh •• the l11pOrt•nce of such ch•ng-,s Is unknown. 
This study w•s lnltl•ted bec•use of the opportunity tor studying 
such p•tlents with Nrked helolysls, p•thologlc•I bleeding, •nd the 
ther•peutlc challenges they offer. Twent1 p•tlents were studied with 
• me•n burn size of 76%. All were •v•ll•ble for study within 2 to 21 
hours •fter burn. Five p•tlents lnltl•lly had flbrlnogen v•lues less 
th•n 100 IIICJ %. but 15 of the 18 p•tlents had subsequent elev•tlons 
wl th the Man rl s Ing frOffl 218 IIMJ to 400 1119 by postburn d•y one. 
Pl•telet counts fell slgnlfi~•ntly in each of the six p•tlents studied 
•t leust twice In the d•y of b~rnlng •nd l•ter in the hosplt•llz•tlon 
of •II patients (with one exception)""° were •v•llable for testing 
11Dre than once. Acceler•ted flbrlnolysis w•s evidenced In every p•­
tlent •• e•rly •• two hours postburn by elev•ted flrbln-flbrlnogen 
degr•d•tlon product levels. The seri•I thrOfflbln time •s a me•sure 
of •ctlv•ted pl•smln w.s positive In five of 15 p•tient~ lnltl•lly. 
The thrOlllbln time •s • reflection of degrad•tlon products w•s • e 
th•n 5 seconds longer th•n the control In six of 15 p•tlents. A 
••n prothrOlllbln tl111e of 17.4 seconds with• control of 13 seconds and 
• ••n actlv•ted p•rti•I thrOllboplastin ti~ of 61 econds were noted. 

These findings Indicate that evere theriql Injury c•uses a 
r•pld onset of co.gul•tlon •nd cond•ry fibrinolysi . Such hanges 
uy becON •••gger•ted bec•u of infection , ho ·k, or oth r insults 
with lntr•v•scul•r co.gulatlon in norm•I tis ues , pathol<>slcal bleed­
ing, and org•n dysfunction or da1Uge. 

Dlssealn•ted lntr•v• cular Clotting 
Co•gul•tlon 

Burned Soldiers 
Pl at I ts 
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C~GULATION AINORMLITIES IN THERMALLY INJURED SOLDIERS 

The variety •nd severity of Ntabollc, hemodyn•lc, and biochemical 
changes In acute, severe therNI Injury are often striking. Coagulation, 
flbrlnolytlc and erythrocyte 1110rphologlc changes a e often transient 
or urweasured In the C0111plexlty of caring for such patients and Inasmuch 
as the h11portance of such changes Is unknown. This study was Initiated 
because of the opportunity for studying such patients with urked ~­
lysls, pathological bleeding and the therapeutic challenges they offer. 
The patient population we evalt,ated Included twenty patients of which 
13 were Nn, 6 ND1Nn, and one chi Id. Ages ranged from 38 1110nths to 85 
years. lurn size had a Non of 76% and range fr011 40 to~ of the 
total body surface area. The patients were all available for study 
within 2 to 21 hours after burn Injury. A wide spectrum of burn etlol• 
ogles was Included. 

METHODS 

Erythrocyte 110rphology was studied after venlpu'lcture In wet pre­
parations, routine Wright's stained SNars and by scanning electron 
•lcroscopy aft•r slow glutaraldehyde fixation by the Nttl>d of

1
Morel. 

(Morel FMM, .. ker RF, Wayland H: J Cell llol "8: 91•100, 1971) . Hlcro• 
cytlc erythrocyte, less than )t' In dl ... ter were counted In peripheral 
blooct

2
s•ars by the Nthod of Topley. (Topley E:J Clln Path 14:295-297, 

1961) . ND,...lly none are found. Platelet counts were done by phase 
alcroscopy. Coagulation studies were done by the usual Nthods In this 
labor1t~ry. Flbrlnogen was ••sured by turbldlNtrlc or thronibln•clot• 
table •thc4s. Flbrlnolysls wa, evaluated by a nUllber of methods. 

Flbrln•flbrlnogen degradation products were measured by the staphy• 
lococcal cluaplng IM"thod.(Leavellt DE, Mertens IF, lowie E.AI, et 11: 
M .I Clln Path SS: 452-457, 19711'. Serial thrOfllbln times were performed • by aeasurlng the thrombln tl111e of plasN Incubated at 37 f2r up to one 
hour.(lrodsley I, Lesls HD: Am J Clln Path 45: 61-69, 1966) . Positive 
tests are considered I greater than two fold Increase In time to clot 
after Incubation. PlasMlnog•n was easured by the c1selnolytlc method 
of Sherry,(Sherry S, Llndemeyer RI. Fletcher AP, Alkj1erslg N: J Clln 
Invest JI: 810-822, 1959) 5. 

RESULTS 

Every patient exhibited erythrocyte fragmentation to some degree. 
Wet preparations, scanning electron microscopy In routine Wright's 
stained smears confirmed the presence of the characteristic fragments. 
These disappeared quickly and were Nery rarely found more than 72 hours 
postburn In any case. Nine patients were found to have circulating 
nor'111L>bl11ts with normal or elevated hem1tocrlts during the first 24 
hours. 
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No patient with less than 2°/4 mlcrocytes had an abnormal red 
cell mass or fall in hematocrlt grea~er than 5 during the first 24 
hours. Each patient with a reduced red cell mass or hematocrlt less 
than 40 had 3% or more mlcrocyte~ when first studied. Six patients 
had more than 5% mlcrocytes and five of the:~ required early trans­
fusion or died In unreversed shock. These convnents do include one 
patient with 2% microcytes whose other values were as seen In the 
following: 

GW - 20 years old 

87% burn - gasoline 

19 hours postburn - Prothrombln Time: b sec 
13 sec 

Patient 
Control 

Activated partial thromboplastln time:> 180 sec Patient 

Fibrinogen: < 100 mg% 

Platelets: 460,000 78 , 000 

39 sec Cont rol} 

Fibrln-Fibrinogen Degradation Products: l:b4 (N < 1:4} 

Plasmlnogen: 0. 27 U (N = 2-3} 

Serial Thrombin Time: 0 - 38 sec 
II sec 

1/2 hour - 140 seconds 

hour - Unclottable 

A-PTT Patient+ Control (1:1) 
Control 

Sunvnary : Hypofibrinogenemla 

Thrombocytopenia 

Hyperfibrinolysls 

~ 
33 

Circulating Anticoagulant Present (FOP?} 

A 20 year old patient was transferred to our unit within fourteen 
hours of thermal injury of 87% of the total body surface with early 
signs of inhalation Injury necessitating Intubation. Harked pigm~nturla, 
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acidosis; persistent hypotension, and ollgurla were also present. Hemo­
lysi~ as well as burn wound and escharotomy bleeding developed. This 
resulted In a &0% red cell mass deficit within 24 hours. Replacement 
therapy controlled bleeding somewhat but shock, sepsis and a fatal out­
~ome supervened. These findings were not unique. Five patient~ Ini­
tially had flbrlnogen values less than 100 mg%, but 15 of 18 patients 
had subsequent elevations with the mean rising from 218 mg% to 400 mg% 
by postburn day one. Each of the three patients with a fall in flbrino­
gen at 24 to 3& hours postburn died in less than 48 hours. Platelet 
count significantly fell in each of th~ six patients studied at least 
twice during the day of burning and later In the hospitalization of the 
rest who were available for testing more than once. 

Accelerated flbrlnolysls was evidenced in every patient as early 
as 2 hours postburn by elevated fibrln-flbrinogen degradation product 
levels. These levels fell from an Initial mean of 60 µg/ml to 30 µg/ml 
on the first postburn day. The serial th ombin time as a measure of 
activated plasmln was positive in 5 of 15 patients initially but was 
normal in all patients by day I postburn. The thrombin time as a 
reflection of degradation products, antlthrombln activity was more 
than 5 seconds longer than the control In 6 of 15 patients. 

A mean prothrombln time of 17.4 seconds w:th a control of 13 sec­
onds and an activated partial thromboplastln time of 61 seconds (con­
trol 37 to 4J seconds) were noted. Clinically unusual bleeding from 
the upper gastrointestinal tract, venipuncture sites, burn wound, or 
escharotomy Incisions was noted in seven patients during the first 24 
hours postburn. Six of 8 patients with acute renal failure but not in 
shock had both early pigmenturla and acidosis. Postmortem examinations 
were obtained In 13 cases but only 4 patients expired during the first 
50 hours postburn a,1d were available for more detailed comment. 

Three of these four patients had clinical inhalation injury with 
pathological confirmation. Diffuse to oc~asional pulmonary micro­
thromboses were found in two patients and ~evere congestion and/or 
small hemorrhagic lesions in the others. Harked renal tubular casts 
were found In all patients and two of the four patients had glomerular 
microthrombosls. One patient had unilateral adrenal hemorrhage. 

COMMENT 

Acute studies of severely burned patients are fraught with diffi­
culties. The rapid change In clinical condition, variety of treatment 
regimens, and complexity of postburn dynamics make serial investigatio~s 
during the resuscitation period rare. Direct microcinemaphotoqraphic 
studies of burn wounds have documented capillary or venule erythrocyte 
sludging followed by platelet aggregation and eventual thrombosis. In 
our extensively burned patients such changes could account for an early 
fall In platelets and elevation of FOP. However, if caused solely by 
a circumscribed burn wound it would seem that such changes should re~urn 
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rapidly to normal since the burn wound represents only a small portion 
of the total vascular bed. Other factors undoubtedly p1ay a role and 
hemolysls, with release of phosphollpids and thromboplastic materials, 
reduction of oxygen delivery, and possibly mlcrovascular sludging· due 
to the presence of less deformable erythrocytes, might contribute. 

Other forms of trauma rarely exhibit significant hemolysis. A 
progressive fall In platelets noted here and in previous studies toget­
her with hyperflbrlnolysls, and evidence of widespread organ dysfunction 
could also be taken to indicate systemic activation and effects of coag­
ulation. Postmortem findings, although available In only a few of our 
patients during the resuscitation period, would seem to corroborate 
such an Interpretation. Causes for accelerated activation of coagula­
tion may be easily recognized if not measured. Local or systemic hypoxia 
or acidosis, direct skin or other organ damage, elevation of catechola­
mine~ and vasoconstrlctlon all may contribute. Flbrinogen or coagulation 
factors V and VIII measurements may only represent net levels Inasmuch 
as others have shown that burn Injury stimulates their elevation. Thus, 
although several patients had no documentation of hypofibrinogenemla 
It seems Inescapable that fibrlnogen turnover was accelerated. 

Therapeutic Implications of some of these studies would seem to 
indicate administration of fresh frozen plasma, whole blood, or, pro­
bably rarely, platelet concentrates In cases of specific deficiencle~ 
Each of our bleeding patients had at least one abnormal coagulation 
lnde~ Appropriate therapy ameliorated much of the bleeding. In addi­
tion, heparin should be considered for cases associated with bleeding 
and coagulation factor consumption. It might also be considered for 
clinically unexplained renal failure with severely deranged coag·ilatlon 
tests, especially when characteristic patt rns of change can be measured. 
The slowing of flbrlnolytlc activity documented here and elsewhere pro­
bably Indicates that antlfibrlnolytic agents are usually unnecessary or 
that a severe deficiency of plasmln has already been Induced. 

In sunmary It would seem that some information regarding the extent 
of hemolysls to expect may be gained by observing an early peripheral 
blood smear In the severely burned putient. Coagulation tests and fibrln­
olytlc activity, while often abnormal Initially, may be interpreted and 
used to best advantage by evaluating serial studies. Coagulation Indices, 
clinical events, ~ d postmortem findings Indicate that a period of 
widespread lntravascular coagulation may occur In the thermally injured 
patient very early after the Initial Injury. 
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SubdepTessor doses of prostagland1n E1 Infused Into th'! renal 
artery of dogs results In diuresis, natrluresls, and Increase In 
free water excretion Independent of significant change In glomerular 
filtration rate or redistribution of lntrarenal blood flow. The 
above effects cannot be entirely attributed to the re:111 vasodl lat Ing 
properties of PGE1. Previous studies have suggested that PGE 1 might 
have a specific action on a partlcul~r portion of the nephron by 
inhibiting sodium reabsorptlon. These studies were designed to eval­
uate the effect of subdepressor do~~s (2~g/mln) of PCiE on sodium 
reabsorptlon In the proximal tubule by utilizing blcar~nate, glucose, 
and phosphate reabsorptlon as markers of proximal tubular fur ·~Ion. 
These studies show no change In bicarbonate reabsorptlon in the Intact 
animal; however, there is a significant (p<0.01) decrease In bicar­
bonate reabsorptlon with selective aldosterone deficiency. Glucose 
and phosphate reabsorptlon In Intact animals also decreased signifi­
cantly (p<0.001) with the lnfusl ~n of PGE 1. A marked natriuresls, 
Increase In urine flow rate, and slight Increase In renal plasma 
flow was noted In the Infused kidney with no significant change In 
these parameters In the control kidney. These studies suggest that 
PGE 1 does have a specific tubular effect on sodium reabsorption and 
that the portion of the nephron Involved is the proximal tubule. 

Bicarbonate reabsorption 
Pros tag I and ins 

Sodium Ext race I lular volume 
Burned soldiers 
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EFFECT OF EXTRACELLULAR VOLUME ON RENAL BICARBONATE REABSORPTION 
- A LABORATORY MODEL OF RENAL CHANGES OBSERVED IN INJURED SOLDIERS: 
THE EFFECT OF PGE1 ON BICARBONATE, GLUCOSE, ANO PHOSPHATE REABSORP­
TJ ON IN THE DOG 

The prostaglandlns are a group of 20-carbon unsaturated fatty 
acids containing a five-membered rlng(Bergstr0111 S, Ryhage R, 1 Samuelson B, and Sjoval I J. Acta Chem Scand 16: 501-502, 1962) 
Three biological classes of prostaglandlns, the PGEs, the PGFs, 
and the PGAs have all been Isolated from rena 1 medullary extracts 
of several animals species as wel I as man(Lee ~•!> , Crowshaw K, 
Takma2 BH, Attrep KA, and Gougoutas JZ. Biochem J 105: 1251-1260, 
1967; Daniels EG, Hinman JW, 3Leach BE. and Muirhead EE. Nature 
(London) 215:1298-1299, 1967) In high doses, the prostaglandlns 
have been found to reduce blood pressure(Lee JB, C~vlno BG, Takman 
BH. and Sm!th ER. Circulation Res 17: 57-77. 1965~- Low doses of 
prostaglandin E1 (PGE 1) initiate. by poorly understood mechanisms , 
diuresis and natriuresis independent of signifl~ant change in 
glomerular filtration rate , or decrease in renal vascular resis­
tance as evidenced by enhanced renal plasma flow, or reduction in 
para-aminohippurate extraction. This response Is characteristic 
of that produced by other r~nal vasodllators (Harvey RB Am J 
Physlgl 211: 487-492, 1966. Vander AJ. Mt J. Physlol 206:492-498 , 
1964) .. or expansion of intravascular volume7(Earley LE and 
Friedler RM. J Clin Invest 44: 929-941, 1965; Earley LE and 
Friedler RM. J Clln Invest 45: 542-5bl, 1966) 8 • Previous studies 
infusing subdepressor doses of PGE 1 directly Into the renal 
artery of dogs have shown an increase In urine YOIUIM!, urinary 
sodium excretion , free water clearance, and renal plasma f~ow 
(Gross JB and Bartter FC. Am J Physiol 225: 218-224, 1973; Martinez 
-Maldonado M. Tsfsaras N, Eknoyan G and Suki WN. Alfi J Physiyf 222: 
1 llt7-l 152, 1972: Vander AJ. Am J Physlol 211t:2l8-221, 1968: 
Carriere S, Friborg J and Guay JP. Atn J Physlol 221: 92-98, 1971: 12 

Johnsf!n HH, Herzog JP. and Lavier OP. A11t J Physlol 213: 939·?',t• 
1967: Berl T and Schrier RW. J Cl in Invest 52: i.63-471, 1973) . 
Since PGEI is a known renal vasodilator, these changes are thought 
to be nian festations of production of increased renal blood flow 
or lntrarenal redistribution of blood flow. Recent s tudies by 
Arendshorst, et al (Arendshorst Y~· Johnston PA and Sclkurt EE. 
Am J Physiol 226: 218-225, 1971t) In hydropenlc and volume 
expanded animals have demonstrated no significant redistribution 
of plasma flow to the superflcal cortex or to the Inner medulla 
with the infusion of 0.1 - 2.0 µg/mln of PGE into the rendl arte1y 
of dogs . The above studies suggest that the 1natriuresls, Increase 
In urine volume, and increased free water clearance uy result 
from a direct tubular action of PGE 1. The 111>st likely portion of 
the nephron In which PGEI might exert a tubular effect "°"Id 
appear to be the proxlma tubule. This study was designed to 
examine the effect of subd ~pressor doses of PG( on sodiww reab­
sorptlon In the proximal tubule utilizing blcar'°nate, glucose, 
ar.d phosphate reabsorptlon as markers of proximal tubular function. 
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~ODS AND MATERIALS 

Experiments were performed on mongrel dogs of either sex 
weighing from 9 to 25 kg. Surgical anesthesia was Induced with 30 
mg/kg pentobarbltal intravenously, and light anesthesia maintained 
by subsequent small doses as necessary, judged from corneal reflexes. 
An lntratracheal tube fitted with an Inflatable cuff was placed In 
the trachea and connected to a Bird respirator. The PC02 was main­
tained between 35 and 43 mm Hg. Indwelling polyethelene catheters 
were placed In the left jugular vein and the left femoral vein and 
artery. Blood pressure was monitored In the femoral vein and artery. 
Blood pressure was monitored In the femoral artery w1 th a Statham 
strain guage transducer and recorded on a Sanborn 9: ~ Multichannel 
recorder. 

A mldllne suprapublc abdominal Incision was made and both 
ureters isolated and cannulated for timed urine collections In 
separate containers. The left renal artery was Isolated through 
a left flank Incision and careful dissection utilizing the retro­
peritoneal approach. Care was taken to prevent Interruption of 
renal Innervation. A 26- gauge needle attached to a polyethylene 
catheter was inserted directly Into the left renal artery allowing 
Infusion Into the renal artery In a retrograde manner. This needle 
was left In place throughout the experiment and Isotonic saline, 
with or without prostaglandln was Infused continuously Into the 
renal artery at the rate of 0.375 ml/min. Animals with multiple 
left renal arteries were not utilized. 

Crystal I lne PGE 1 (7 .6 mg) kindly suppl ie:d by Dr J.E. Pike, 
Upjohn Company, Kalamazoo, Michigan, was mixed in 47 ml normal 
saline and 3 ml absolute ethanol were ~dded to bring the crystals 
ln•o solution. The stock solution was stored at 4• Centigrade and 
dllutlo~\ made In normal saline to permit an infusion rate of 2µg/ 
min when infused directly Into the left renal artery at .375 ml/min. 

Renal plasma flow and glomerular filtration rat• were calculated 
from the clearance of para-amlnohlppurate (PAH) and [125I] lothalmate 
respectively, Infused Into the left femoral vein at the rate I ml/min. 
The infusion of PAH produced plasma levels of approximately 3 mg/100 
ml. 

The animals were allowed to equilibrate for approximately one 
ht,ur before c,,mmenclng the studies. Four groups of animals were 
studied in the following manner: 

Group I (bicarbonate Infusion ln the Intact dog). A solution 
of 0.9 molar sodium bicarbonate was systemically infused Into 8 
animals at I ml/min. After an equilibration period of approximately 
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60 minutes, 2 to 4 control clearance periods were obtained with 
Infusion of normal saline Into the left renal artery at 0.375 ml/min. 
PGE 1 was then Infused Into the left renal artery at 2µg/mln and three 
to four experimental periods obtained. The PGE 1 Infusion was then 
discontinued and a normal saline Infusion resumed and 2 to 3 post 
experimental periods obtained. All clearance periods were ten min­
utes In duration. 

Group II (bicarbonate Infusion In adrenalectomlzed dogs). This 
group of 6 dogs was studied as was the first group except that the 
animals had previously been subjected to bilateral adrenalectomy. 
Complete adrenalectomy was assured by t~e development of hyperkalemla 
and metalk,llc acidosis. Studies were performed two weeks after 
surgery wr th maintenance therapy c nslstelng of 0.5 mg of desoxycortl­
costerone acetate (DOCA) and 0.75 mg of dexamethasone Injected intra­
muscularly dally. DOCA was withheld for 72 hours prior to the study. 
We have previously shown that this procedure results In selective 
aldosterone deficiency. 

Group Ill (glucose infusion In the Intact dog). This group of 
6 dogs was studied exactly as outlined for group ~ne except that the 
animals received a systemic Infusion of 20% glucose at 3 ml/min. 

Group IV (phosphate excretion after thyroparathyroldectomy). 
The effect of PGE 1 on phosphate excretion was studied In 7 dogs. 
Thyropar thyroldectomy was performed 72 hours prior to each study. 
This was done to obviate any effect of parathyroid hormone on phosphate 
excretion. Animals were studied In the hydropenic state receiving 
the combined infusion of PAH and [1251]1othalamate at I ml/min. Dur­
Ing the Infusion of PGE1, urinary losses were replaced with equal 
volumes of 1/4 normal saline. Collection periods were 60 minutes In 
length. Input and output records were maintained during the study 
and weights recorded before and after each study. The~e parameters 
demonstrated no volume expansion In the animals. 

The methods used to measure GFR, RPF, sodium, potassllMn, chloride, 
PC02 Ph and glucose In the blood and urine were identical to those 
previously described as were the calculations and statistical analyses. 
Plasma and urine PO,. were measured according to the method of Fiske 
and Subbarow, adapted to the Autoanalyzer. 

RESULTS 

Group I - The effect of PGE 1 on renal bicarbonate reabsorptlon 
during control and experimental periods Is shown In Table I and Table 
II respectively . Hean bicarbonate reabsorptlon during the control 
period In the non-Infused kidney was 26.5 t 0.31 mEq/L GFR and was 
27.5 t 0.38 during the experimental periods. The values are not 
statistically significantly diffe r nt. The mean bicarbonate 
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reabsorptlon In the Infused kidney during the control period was 26 .2 
t 0.43 mEq/L GF'R and was 26.8 t 0.)4 IIEq/L GFR during the Infusion of 
PGE 1. These values are also not slgnlflcantly different . Urine flow 
rate, glomerular filtration rate,renal plasu flow, fractional sodh• 
excretion, and fractional chloride excretion did not change slgnlfl• 
cantly In the non-Infused kidney. In the Infused kidney, ••n urinary 
flow rate during the control period was 0.97 t 0 . 34 ml/min and In­
creased to 2.43 t 1.26 •I/min with the Infusion of PGE. No slgnlflc• t 
difference In gl0111erular filtration rate or renal pies~ flow was noted 
with the Infusion of PGE 1. Fractional sodium and chloride excretion 
Increased on the Infused side with• mean fractional sodl""' excretion of 
5.2 t 1.3% and fractional chloride excretion 0.9 t 0.ft during the con­
trol period which Increased to 9.0 t 2. 3% and 5.1 t 2.2% respectively 
during the experimental period. These studies suggest that the Infusion 
of subdepressor doses of PGE 1 results In an Increased urine flow rate 
and Increased excretion of sodl""' chloride with no significant change 
In bicarbonate reabsorptlon, and therefore suggest that PGE 1 hls no 
effect on proxlul tubular reabsorptlon of bicarbonate. 

Since bicarbonate reabsorptlon also takes place in the distal 
convuluted tubule further studies were Indicated to ' determlne the 
contribution of the distal tubule, If any, to the bicarbonate reab• 
sorptlve rates as measured by the clearance technique In Group I. 

Group 11 - The effect of the infusion of 2 ~g/mln of PGE 1 Into 
the left renal artery on bicarbonate r•absorptlon In aldosterone 
deficient dogs was also 111easured. The data from control and experi­
ment. I periods Is presented In Table 111 and Table IV respectively. 
Mean bicarbonate reabsorptlon, fractional sodium and chloride excre­
tion and flow rates did not change In the non-Infused kld~ey with 
the Infusion of PGE1 - Mean bicarbonate reabsorptlon In the Infused 
kidney during the control period ·,as 24. I t 4.2 mEq/L GFR and decreased 
to 22 .48 t 5.5 mEq/L GFR with ttw. Infusion of PGE1. COfflpared to the 
right control kidney this deer••~• Is significant (p<0.01). Urine 
flow rate, fractional sodium and chloride excretion Increased signi­
ficantly on the Infused side with the Infusion of PGE 1. 

Previous studies fr0111 this laboratory have shown that aldosterone 
deficiency urkedly 1-.,alrs distal hydrogen Ion secretion; thus this 
group of dogs was studied to ascertain If Increased distal hydrogen 
Ion secretlo" might be obscuring the effect of PGE 1 Infusion on proxi­
mal hydrogen on secretion. The Infusion of PGE 1 resulted In• 
statistically significant decrease In bicarbonate reabsorptlon In the 
adrenalectomlzed group of animals and yet resulted In no change In 
bicarbonate reabsorptlon In the Intact group of animals studied. These 
studies suggest that PGE 1 does depress bicarbonate reabsorptlon in 
the proximal tubule; however, the bicarbonat e 1eavlng the proximal 
tubule Is then reabsorbed distally thus accounting for no s ignificant 
net change In bicarbonate excretion In the Intact an11,: Is. Only 
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with selective aldosterone deficiency and Impaired distal hydrogen 
ion secretion was this proximal effect in bicarbonate reabsorptlon 
noted . 

Group Ill - The effect of PGE 1 on glucose reabsorptlon was also 
studied In a group of six dogs. The data obtained from the studies 
during control and experimental periods Is presented in Tables V and 
VI respectively. No change in glucose reabsorption was noted in the 
non-infused kidney with a mean control value of 2.38 and 0.42 mg/ml 
GFR and 2.33 t 0.56 mg/ml GFR during the Infusion of PGE 1• The urine 
flow rate, glomerular filtration rate, renal plasN flow, fractional 
sodium excretion did not differ significantly between the control and 
experimental periods in the non-infused kidney. Glucose reabsorption , 
however, decreased in the infu~e~ kidney during the infusion of PGE 1 
with a mean control glucose reabsorptive rate of 2.36 t 0.45 mg/m1 
GFR which decreased to 1.92 t 0.58 mg/ml GFR during the experimental 
period. Again urine flow rate, fractional sodlUM excretion and 
fractional chloride excretion increased significantly In the infused 
kidney with the infusion of PGE1. 

Group IV - The effect of PGE1 on phosphate reabsorption was also 
studied in dogs 72 hours after thyroparathy roidect01111y. The results 
of these studies during control and experimental per-!ods are presented 
In Tables VII and VIII respectively. 

No significant change in fractional phosphate excretion was 
noted In the non-infused kidney with the Infusion of PGE 1 with mean 
values of 2.85 t 2.20 during the control period and 2.54 t 2.91 PGE 1 
Infusion. Urine flow rate, glOMerular filtration rate, renal 
plasma flow, fractional sodium and chloride excretion also did not 
change significantly. Phosphate excretion in the infused kidney 
Increased from a mean control value of 2.35 t 1.57 to 13.41 t 11.72 
(p<0.02) during the infusion of PGE 1. No significant changes in 
fractional calcium excretion were noted with the infusion of PGE

1
. 

As previously noted urine volume and fractional sodium excretion 
did Increase. The changes in phosphate ~xcretion are not more 
highly significant and this may be attributed to the small number 
of animals studied to date and a somewhat blunted response due to 
volume contraction. Hore animals will be studied with the infusion 
of 0.5% normal saline to prevent severe volume contraction or volume 
expansion. 

DISCUSSION: 

The results of this study are in general agreement with data 
presented by other investigators. The Infusion of comparable doses 
of PGE 1 into the renal artery have been shown to result in the 
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following: (I) an :ncrease in urine flow, (2) a Increase In sodium 
excretion, (3) a variable rise in renal plasma flow, (4) no signifi­
cant change In glomerular filtration rate or systemic arterial blood 
pressure (Hartinez-Haldonado H, Tsf5aras N, Eknoyan G and Suki WN. 
Am J Physiol fi2: 1147-1152, 1972; Vander AJ. Am J Physiol 214: 
218-221, 1968;

2 
Carriere S, Friborg J, and Guay JP. Am J Physlol 221: 

92-98, 1971; Johnsfj" HH, Herzog JP, and Lavler DP. Am J Physlol 
213: 939-9\6. 1967; Berl T and Schrier RW. J. Clin Invest 52: 463-
471, 1973) 1 . In addition previous investigators have also noted 
an Increase in free water excretion (CH~) and a decrease in free 
water reabsorptlon (TCH20> (Hartinez-Hal~~nado H, Taaparas N, Eknoyan 
G and Suki WN. Am J PhyJiol 222: 1147-1152, 1272; Berl T and 
Schrier RW. J Clln Invest 52: 463-471, 1973) 

The intrarenal mechanism of action of PGE1 Is still poorly 
understood. Since PGE 1 Is a vasodilator previous studies suggested 
that the changes Induced by the infusion of PGE 1 might all be related 
to renal vasodilitatlon. Bresler(Bresler EH. Am Heart J 62: 1-6. 1961) 16 

along
6
with other investigators (Vander AJ. Am J Physiol 206: 492-~98, 

1964; Earley LE, and Friedler RH J Clin Invest 44: 929-941·1965; 
Earley LE anJ Friedler RH. J Cl in Invest 45: 542-561, 1966) 8 has sug­
gested that peritubular hydrostatic and oncotic forces influence 
sodium reabsorption in the proximal convuluted tubule and that the 
changes Induced by vasodilitation may depress soditMn reabsorption. 
Our studies as well as those of previous Investigators have shown 
a slight increase in renal plasma flow without a change in glomerular 
filtration rate suggesting a decrease in oncotic pressure and in­
creased hydrostatic pressure in the peritubular capillaries. Earley 
and Ffiiedler(Earley LE and Friedler RH. J Clin Invest 45: 542-561, 
1966) earlier proposed that the natriuresis resulting from vaso­
dllitation might be related to increased medu11ary blood flow, thus 
reducing medullary hyr~rtonicity and decreasing reabsorptlon of water 
froln the decending limb of Henle's loop. This would overload the 
reabsorptive capacity in the ascending limb resulting In a natriuresis. 
Another mode by which vasodilitation might result in a natriuresis is 
based on the work of Rect r, Seldin, and Brunner (Rector FC, Brunner 
FP, and Seldin OW. J Clin Invest 45: 590-602, 1966; 17 Recty8 ~C . 
Brunner FP and Seldin OW. J Clin Invest 45: 603-611, 1966) who 
have demonstrated that sodium and water r~absorption may be dir~ctly 
related to tubular diameter. 

Martinez-Maldonado, et al(H~rtlnez-Maldonado M, Tsapf6as N, 
Eknoyan G and Suki WN. Am J Physlol 222: 1147-1152, 1972) and £erl, 
et al (Berl T and Schrier RW: J. Clin Invest 52: 463-471, 1973) 1 
have shown an increase in free water excretion and decreased free 
water reabsorption with the Infusion of PGE 1. With the current 
knowledge of renal physiology of the function of the loop of Henle 
in the concentrating and diluting mechanism. our studies would sug­
gest that the Increased free water excretion is related to depressed 
sodium reabsorption In the proximal tubule due to a direct effect of 
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PGE 1 has an effect on sodium transport other than through hemodynamlc 
alterations. The studies by a,,,, et al(Berl T and Schrier RW. J. 
Clln Invest 52: 463-~71, 1973) showed no antagonistic action of 
PGE

1 
to the effect of vasopressln thus sugrestlng no decreased water 

reaDsorptlon In the distal tubule or collecting ducts. 

Since recent studies by Arendshorst, et al(Aren~~horst WJ, Johnston 
PA, and Selkurt EE. Am J Physlol 226: 218-225, 1974) were unable 
to document marked redistribution of plasma flow to the superflcal 
cortex or to the Inner medullar with the Infusion of PGE 1 or volume 
expansion, this makes a specific tubular effect of PGE 1 on sodium 
reabsorptlon more likely. 

Our studies suggest that the Infusion of 2 µg/mln of PGE into 
the renal artery of a dog results In a natrluresls and increaled 
urinary flow rate related to depressed sodium reabsorption In the 
proximal tubule. Our data, however, are Inadequate to explain the 
specific mechanism Involved. It appears as If the proximal tubu \e 
Is Involved since there is a significant (p<0.001) decrease in 
glucose and phosphate reabsorption without a change in the reabsorp­
tlve capacities of these substances In t~e control kidney. Since 
bicarbonate reabsorptlon takes place in the distal convuluted tubule 
as well as the proximal convuluted tubule, studies were performed 
In both the Intact and adrenalectomlzed animals. No change In blcar• 
bonate reabsorptlon In the intact animals ~as noted; however, the 
possibility that a depressive effect on proximal bicarbonate reab­
sorptlon was being masked by coinciding stimulatory effect on distal 
bicarbonate reabsorptlon had to be explored. Aldosterone deficiency 
results In a selective Inhibition of distal hydrogen Ion llcretlon, 
(Berl T and Schrier RW. J. Cl in Invest 52: 463-471. 1973) thus 
If Increased distal bicarbonate reabsorption were masking a proximal 
effect, aldosterone deficiency should uncover such an effect. Indeed 
when the aldosterone deficient animals were studied, a significant 
(p<0.01) decrease In bicarbonate reabsorption was demonstrated. 
Although previous studies have suggested a specific tubular effect 
of PGE 1 on sodium reabsorptlon, such an effect had not been clearly 
demonstrated prior to these studies. This effect, however, Is small 
and Its role in the overall physl~logic function of the prostaglandlns 
has yet to be explained. 
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ABSTRACT 

PROJECT NO. 3Al61102871R-01, RESEARCH IN BIOMEDICAL SCIENCES 

PROJECT TITLE: RELATIONSHIP OF SODIUM BALANCE TO PL.AW RENIN 
CONCENTAATION IN TROOPS WITH RENOVASCULAR 
HYPERTENSION: A CANINE MODEL 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort SM Houston, T~xas 78234 

Period covered In this repcrt: I July 1973 - 30 June 1974 

Investigators: Philip W. Rogers, MD, Major, MC 
Richard H. Merrill, HD, Major, MC 
Donald J. Johnson.Major, VC 
John W. Beason, S114 
Leonard Seralle, HS 

Reports Control Symbol HEDDH-288 (RI) 

Hypertension of renal etiology may be related to Increased 
levels of anglotensln II or secondary to extracellular fluid volume 
expansion with renal parenchymal disease. The current studies were 
undertaken to determine the relationship of plasma renin activity, 
sodlwn balance, and glomerular filtration rate to hypertension result­
ing from acute and chronic uni lateral and bilateral renal artery 
stenosls In the conscious dog. Animals with approximately 50% renal 
artery occlusion (moderate stenosls) and approximately 90% occlusion 
(severe stenosls) were studied after unilateral renal artery stenosls, 
bilateral ,·enal artery stl:--.'7,::.1~, and after removal of the right kidney 
leaving the l~ft kidney supplied by 2 stenosed vessels In place. 

Uni lateral renal artery stenosis results In tr~nslent hyperten­
sion with markedly elevated plasma renln activity and a negative 
sodium balance. The changes are more severe in the group of animals 
with bilateral renal artery stenosls. Moderate stenosis produces an 
lnltlal rise in pl~sma renln activity, and a transient period of neg­
ative sodium balance followed by persistent hypertension with normal 
or low plasma renln activity and a persistently positive sodium bal­
ance. This again Is more marked in the group with severe renal artery 
stenosls. Nephrology In the animals with moderate vessel stenosls 
resulted in transient Increase in plasma renln activity, mean arterial 
blood pressure , and no real change In glomerular filtration rate. 
Plasma renln activity and mean arterial blood pressure gradually 
returned to normal. The animals with the severe renal artery stenosis 
and right nephrectomy had acute reduction In glomerular filtration 
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rate with a markedly positive sodlww balance and persistent elevation 
of the •an arterial blood pressure. Plasma renln activity was 
1110destly elevated lnnedlately after nephrectOl'fty and returned to 
norul levels. 

Although the data frOffl this study are Incomplete and the numbers 
of animals are Insignificant at the present time, l111p0rtant observa-
t Ions have been made. These stu~les would suggest that renal lschemla 
Initially causes hypertension by generation of renln and anglotensln 
II, sodl&a retention occurs and extracellular fluid vol1111e Is expanded. 
In the absence of the contralateral kidney, extracellular fluid vol.,... 
remains expanded suppresses renln release frOffl the lschemlc kidney and 
In all probablllty maintains hypertension. In the presence of the 
contralateral kidney, the sodlww load reabsorbed by the lschernlc kidney 
Is readily excreted by the contralateral kidney with a slightly de­
creased plasma volume and hypertension persists on a pressor bas is. 

Hypertension 
Sodium 
Dogs 
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RELATIONSHIP OF' SODIUM BALANCE TO PLASMA RENIN C~CENTRATION 
IN TROOPS WITH RENOVASCULAR HYPERTENSION: A CANINE MODEL 

Interference with the blood supply to one kidney In humans 
and experimental animals results in hypertension. This form of 
hypertension is characterized by renln release by the Involved 
kidney. The exact mechanisms responsible for this form of hyper­
tension, however, are not entirely clear but are most likely 
related to Increased formation of the potent pressor agent angio­
tensin II. This unilateral stenosls leads to impaired excretion 
of sodlUIII by the proximal tubule In the contralateral kidney due 
to the increased blood pressure thus resulting In an overall neg­
ative sodlwn balance and persistence of high anglotensln II levels. 
If, however, t-he contralateral kidney has been removed, there Is 
no mechanls• present to excrete the retainerl sodium. This results 
In a positive sodium balance and increased blood volume possibly 
supressing plasma renin activity and angiotensln II. This has 
been shown in recent studies by Swales and co-workers (Swales JD, 
Thurston H, Quelroz F'P, and Medina A: J Lab Clln Med 80: 539-547, 
1972) 1. Studies by l<oletsky and co-workers (l<oletsky S, Pavllcko 
KM, Rivera-Velez JM: Lab Invest 24: 41-44, 1971)2 have shown de­
creased juxtaglomerular granul~tlon and renln content with normc.! 
plasu renln and aldosterone secretion In the rat with clip hyper­
ten,ion and contralateral nephrectomy. Studies by Regoll and 
co-worker (Regoll D, Brunner H, Peters G, and Gross F': Proc Soc 
Exp Biol 109: 142-145, 1962)3 have measured renal renln concentra­
tion In normal rats and with rats with uni lateral and b:lateral 
renal artery stenoses, have shown Increased renln concentration 
In the kidney with unilateral renal artery stenoses depending 
upon the severity of the stenoses. The data from all of these 
studies suggest that hypertension from unilateral renal artery 
stenosls Is directly related to the elevated renln concentrations 
(pressor hypertension) and the hypertension from bilateral renal 
artery stcnoses may be related to retention of sodium and water 
(volume hypertension). 

Since there appear, to be some relationship between hyperten­
sion on a pressor basis and that related to volume, the current 
studies were undertaken to determine the relationship of plasma 
renln activity, sodium balance, and glomerular filtration rate to 
hypertension resulting from acute and chron c uni lateral and bilat­
eral renal artery stenosls In the conscious dog. 
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METHODS ANO MATERIALS 

Studies were conducted on conscious. trained, adul t female 
purebred Beagle dogs weighing 9 to 15 kg. A carotid loop was 
created In each animal prior to study to allow access to the 
arterial circulation without exciting the animal. The dogs were 
maintained In stainless steel, metabolic cages and were fed a 
measured amount of Wayne Dog Chow and given an additional 5 mEq/ 
kg of sodium In the form of a gelatin capsule. Two groups of 
animals were studied. 

Group I consisted of dogs with approximately 50% occlusion 
(moderate stenosis) of the main renal artery while group II con­
sisted of animals with approximately 90% occlusion (severe stenosls) 
of the main renal artery. The study periods consisted of a 7 day 
control period, stenosis of the right renal artery •created on day 
8 with a 14 day post operative study period, stenosis of the left 
renal artery performed on d~y 22 with another 14 day post operative 
study period, and right nephrectomy performed on day 35 with a 
14 day post operative study period. The animals were then sacri­
ficed. 

Daily measurement of intake and output was recorded as well 
as dally weights. Daily serum and urinary electrolytes w~re 
obtained. Direct systemic arterial blood pressur measurements 
were made by the percutaneous insertion of a 21 gauge needle into 
the carotid loop attached to a Statham strain guage manometer. 
Blood pressures were measured daily or as fr!quenty as possible. 
Peripheral venous blood for plasma renin activity was collected 
before and after every surgical procedure, hourly to 8 hours after 
the surgical procedure. dally for the first three post operative 
days. then every other day. Plasma renin activity was determined 
by the radlolmmunoassay t chnique as descrihed by Haber(Haber E, 
Koerner T. Page LB, et al: J Cl in Endo Jnd Hetab 24: 1349-1355. 1969)4 
and I well stablish d in our laboratory (normal 1-3 ng/ml/hr). 

The main renal arterit•s were approached through separate 
flank incisions and the stenosls of each vessel created with a 
s 11 ver c 11 p. 

After nephrectomy, the kldn ys we re p rfu d with saline. the 
vessels filled with hypaque, and silk llgatur s placed around the 
most proximal portion of the vascular s tump. Radlographs w re 
taken to determine the degree of stenosls of each renal artery as 
well as to determine possible areas of infarc tion. 

RESULTS 

Croup I (moderate ren I artery tenosls). Shown In Figure I 
are the data from a representatlv dog with moderate renal artery 
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stenoses. Right renal artery stenosis as performed on day 8 results 
in a sharp increase in plasma renin activity and mean systemic arte­
rial blood pressure with avid sodium retention which ~ersisted for 
approximately two days. There followed a rapid decline in plasma 
renin activity, increased sodium excretion and a return toward nor­
mal of the mean systemic arterial blood pressure. Stenosis of the 
left renal artery to approximately the same degree as that previously 
performed on the right side again results in an increase in plasma 
renin activity, but not as great as that noted with unilateral steno­
sis. There is also more avid sodium retention and an increase in 
blood pressure to the same level as with unilateral stenosis. The 
blood pressure again tends to return to near control blood pressure 
levels with slightly positive sodium balances. Acute reduction of 
total renal mass by right nephrectomy leaving the moderately ste­
nosed kidney on the left side insitu results In a modest rise in 
plasma renln activity, transient increase in blood pressure persist­
ing for two days, and a markedly positive sodium balance for the 
same length of time. Plasma renin activity gradually returns to 
normal as do blood pressure and sodium balances. 

Group II (severe renal artery stenosis). Shown in figure 2 
are the data from a representative animal with approximately 90% 
stenoses of the renal arteries. A creation of 90% st~nosis of the 
right renal artery on day 9 results in a marked increase in plasma 
renin activity, increased mean arterial blood pressure, and a pos­
itive sodium bdlance that persists for approximately 3 days. As 
the plasma renin activity returns toward normal the mean arterial 
blood pressure also decreases but does not reach the control value 
of 120 nm Hg. The creation of a similar stenosis on the left side 
again results in an increase in plasma renin activity but not of 
the magnitude reached in the unilateral stenosis; a further increase 
in blood pres ~ure, and a positive sodium balance. Five days after 
bilateral stenos is, th · mear. arterial blood pressure has stabilized 
at 155 nwn Hg with a control value of 120 mm Hg and pla~ma renin 
activity has returned to a normal value of approximately 1.0 ng/ml/ 
hr. Of interest is the daily positive sodium balance of approxi• 
mately 20 mEq of sodium. Acute reduction of the r~nal mass by right 
nephrectomy on day 44 again res 1Jlted in a somewhc.t blunted plasma 
renin response but a definite increase in mean arterial blood pres­
sure and a persistently positive sodium balance. This is of course 
associated with a marked increase in serum creatinine representing 
a marked reduction in renal function. The change in weight during 
this period has to be attributed to mild starvation. 

The data shown in Figures I and 2 are representative of only 2 
~nimals In each group and certain!) don't indicate definitive con­
clusions at this time. More anlma·1s in each group will have to be 
studied before definitive conclusions can be made. 
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DISCUSSION 

Although the data from this study are Incomplete and the num­
bers of animals are Insignificant at the present time, important 
observations have been made. At the present stage of renal physio­
logy, hypertension may b~ secondary to an increase in plasma volume 
due to excessive salt and water retention, or an Increase in renln 
and angiotensln II, or possibly other substances such as that advo­
cated by Grollman and Krishnamurt~(Grottman A, and Krishnamurty VSR: 
Am J Physiol 221: 1499-1506, 1971) . The pathogenesis of hyperten­
sion associated with unilateral renal vascular stenosis is probably 
related to increased secretion of renln by the ischemic kidney. 
This enzyme's action upon a circulating globulin substrate produces 
angiotensln I which Is then converted In the lungs by a converting 
enzyme to the potent pressor angiotensln JI. Although the stimulus 
to renin release remains dPbatable at the present time, It ls strongly 
suggested that decreased renal arterial pressure is a stimulus con­
trolling renln release from the juxtaglomerular apparatus. Injec­
tions of renln or angioten~in into animals results in hypert~nslon, 
and clipping of the renal drtery to produce unilateral renal artery 
stenosls In the rat ls associated with elevated circulating plasma 
renln activity as well as persistent hypertension. The hypertension 
of end stage renal disease occasionally Is due to Increased renin 
secretion and responds to bilateral nephrectomy; however, in most 
Instances the hypertension associated with end stage renal disease 
Is related to expanded extracellular fluid volume and the hyper­
tension respond~ dramatically to the removal of salt and w3ter by 
hemodiatysls. Plasma renln activity Is normal or low in such pa­
tients. The presence of increased mlneratocorticoid substances such 
as aldosterone and IS-hydroxy desoxycorticosterone also produce 
hypertension by salt retention and expansion of extracellular fluid 
volume. In such Instances, plasma renin activity is suppressed 
by the expanded extracellular fluid volume. The studies by Grollman 
and Krlshnamurty have no been reproducible therefore the presence 
of another pressor sub t ance remains to be defined. Thus the most 
clearly defined mediators of hypertension of renal orgin are inc~eased 
renln release and volume expansion secondary to impaired salt excretion. 

The data from the animals with a moderate unilateral renal artery 
stenosis is In agreement with Goldblatt's original observations 
(Goldblatt H, Lynch J, Hanzel RF: J Exp Med 59: 347-379, 1934)6. 
Goldblatt attempted to simulate human arterionephrosclerosls fe~l-
lng that many tiny vascular lesions in both kidneys may give rise 
to essential hypertension. He attempted to reduce circulation to 
both kidneys with clamps. After unilateral clamping, he observed 
a small, transient elevation in blood pressure and only after clamp­
Ing of both renal arteries or removal of the contralaterat kidney 
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did blood pressure rise significantly and remain significantly 
elevated. Our unilateral moderate renal artery stenosls data are 
In agreement with Goldblatt's observations; however, severe uni­
lateral renal artery stenosls In our animals resulted In a signifi­
cant and sustained hypertension. The response In plasma renln 
activity to stenosls was almost twice as great with the severe 
stenosls as with the moderate stenosls. 

Of Interest Is the association of glomerular filtration rate, 
plasma renln activity, and hypertension during moderate and severe 
bilateral renal artery . stenosls. With moderate bilateral renal 
artery stenosls the mean arterial blood pressure Is only slightly 
Increased whereas the plasma renin activity which was Initially 
elevated returns to levels at the upper limits of normal with per­
sistent ml Idly positive sodium balances and no significant change 
In serum creatlnlne. This would suggest that the mllJ blood pres­
sure elevation ts related primarily to retention of sodium and 
water as shown by slight Increase In the weight of the animal. 

Bilateral severe renal artery stenosls resulted In a sus­
tained significantly elevated mean arterial blood pressure with 
plasma renln activities that were initially elevated but were 
depressed to normal or low leve:s with persistent and markedly 
positive sodium balance and an Increase In weight. These changes 
are very similar to those seen In the bilateral moderate renal 
artery stenos Is but are of greater n'agn I tude. These data suggest 
that renal lschemla results In activ,tlon of the renln-anglotensln 
aldosterone system and Initial pressor hypertension. When total 
renal perfusion is markedly decreased beyond the limits of auto­
regulatlon, glomerular filtration rate decreases allowing sodium 
retention, suppression of plasma renln activity and hypertension on 
a volume basis. 

Renal lschemla gives rise to increased distal renal tubular 
sodium reabsorptlon under the Influence of the renln-anglotensln 
aldosterone system, but also results In Increased sodium reabsorptlon 
by the proximal convuluted tubule. Sustained hypertension, however, 
has been shown to result In depressed proximal tubular sodium reab­
sorptlon takes place In the proximal tubule, the a1110unt of sodium r 
reabsorbed distally under the Influence of aldosterone ts not 
great enough to restore plasma volumes to normal. This results 
In a continued release of the renln and a pressor hypertension. If, 
however, renal ischemla is such that there Is under perfusion of the 
total renal mass, then glomerular flltratlon rate decreases and there 
Is no mechanism by which retained sodium maybe excreted. This results 
In a positive sodium balance and increased blood volume. This has 
been shown In a recent study by Swales and co-workers(Swales JD, 1 
Thurston H, Quelroz FP, and Medina A. J lab Clln Hed 80: 539-547, 1972). 
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Un 11 atera 1 nephrec tomy resu 1 ted In no change In sod I um ba 1 ance or 
blood pressure; however unilateral renal artery constriction re­
sulted in a progressive negative sodium balance and significantly 
elevated blood pressure. Renal artery constriction with contra­
lateral nephrectomy however resulted in a positive sodium balance 
and significant hypertension. Similar studies performed by Regoll 
and co-workers(Regoll D, Brunner H, Peters G, and Gross F. Proc 
Soc Exp Biol 109: 142-145, 1962)~ measured renal renln concentra­
tion In normal rats and In rats with unilateral and bilateral 
renal artery stenoses have shown Increased renal renin concentra­
tion In the kidney with the uni lateral renal artery stenos ls and 
normal renal renin concentration In rats with bilateral renal artery 
stenosls. Very similar studies by other Investigators (Gavras H, 
Brunn1r HR, Vaughan ED Jr., and Laragh JH: Science 178: 1369-1371, 
1973;7 Hiller ED,Jr., Samuels AI, Haber E, and Barger AC. Inhibi­
tion of anglotensln conversion In expgrimental renovascular hyper­
tension. Science 177:1108-1109, 1972) have shown that the hyper­
tension resulting from unilateral renal artery stenosls presumably 
on a pressor basis, can be reversed by passive immunization of the 
rats to anglotensln II or by the administration of an anglotensin 
antlogonlst; however, the administration of these same agents to 
rats made hypertensive by bilateral renal artery stenosis results 
In no change in the mean arterial blood pressure. This hypertension 
Is per urned to be secondary to sodium and water retention or on a 
volume basis. Our studies are in agreement with those studies Just 
cited and show the concurrent changes of plasma renln activity, 
glomerular filtration rate and sodium balance to changes In mean 
arterial blood pressure. 

The changes observed during the last period of our studies In 
which the ;-ena 1 mass was acute 1 y reduced by remova 1 of the right 
kidney leaving the lschemic kidney In place are very similar to 
the changes that took place during bilateral renal artery stenosls. 
The moderate stenosls resulted in Initial changes with return to 
normal by autoregulatlon of the kidney; however, severe stenosls 
with reduction In glomerula~ filtration rate and severe total under 
perfusion resulted in a significant Increase In blood pressure with 
normal plasma renln activity and a persistently markedly positive 
sod I um balance. 

The sum of these observations coupled with those observations 
cited from the literature suggest that renal lschemla Initially 
causes hypertension by generation of renln and anglotensln II, 
sodium retention occurs and extracellular fluid volume Is expanded. 
In the absence of the contralateral kidney, extracellular fluid 
remains expanded supresses renln release from the lschemlc kidney 
and in all probability Itself maintains hypertension. In the pre­
sence of the contralateral kidney, the sodium load reabsorbed by 

331< 



30-9 

the lschemlc kidney is readily excreted by the contralateral kidney 
with a slightly decreased plasma volume and hypertr.nslon persists 
on a pressor basis. 

These studies further suggest that decreasing extracellular 
fluid volume by salt depletion during total renal underperfusion 
does not change the blood pressure but uncovers the turned on renln 
angiotensin system and probably converts a volume mediated hyper­
tension to a pressor mediated hypertension. Further studies are 
anticipated to show changes In plasma renln activity and blood pres­
sure during bilateral renal stenosis with the administration of 
furosemlde and volume concentration. 
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ABSTRACT 

PROJECT NO 3A16l102B71R-OI, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: AN EVALUATION OF THE USE OF ENZYMATIC DEBRIDEHENT OF BURi~ 
WOUND ESCHAR TO DECREASE MORBIDITY IN BURNED TROOPS 

US Army Institute of Surgical R~search, Brooke Army Hedlcal Center, Fort 
Sam Houston, Texas 78234 

Period covered In this report: I July 1973 - 30 June 1974 

Investigators: Norman S. Levine, HD, Major, HC 
Hugh D. Peterson, DDS, HD, Colonel, HC 
Arthur D. Mason, Jr., HD 
Wllllam R. Smith, Captain, MSC 

Reports Control Symbol KEDDH-288(RI) 

An Investigation of the use of enzymatic debrldement for burned 
hands was commenced. Three patients with bl lateral hand burns were 
studied. Sutllalns enzyme was used on one hand; saline soaks were used 
on the other hand. One of the three patients In the study died. In the 
two remaining patients, the following observations were made: (1) 
sultlalns enzyme did effectively debrlde the burned wound; (2) this 
debrldement was Incomplete, and a deep layer of necrotic tissue was 
left undebrlded; (3) debrldement with sutllalns enzyme did not result 
In any shortening of the time from burn to grafting; (4) there was no 
grossly observable difference in function In the hands treated with 
sutllaln enzyr.ie when compared to the controls. These observations are 
merely clinical Impressions gained In the treatment of these three 
patients. It Is apparent that satisfactory evaluation of this enzyme 
preparation will require a revised protocol with proper experimental 
design. 

Enzymatic debrldement 
Eschar 
Thermal Injury 
Rats 
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23, (U) The creation of an reproducible electric Injury MOdel In anlmals to 
Investigate the pathophyslology of the Injury. 

DA 

2'4. (U) Sprague-0..ley rats had brass electrodes placed In a subcutaneous pocket In 
the medial portion of each hand llmb. The anlm1ls were anestheslzed and then shocked 
with various voltages. Electrode size •nd depth, distance between electrodes and 
Integrity of electrode contact were evaluated. Tissue temper•ture volt•ge, arpage and 
time of electric contact were recorded. 

25, (U) 73 07 - 7'4 03 Both cutaneous •nd deep tissue Injury w.s produced In the 
anlul model. An Inverse relationship w.s observed between the vol~age and time of 
application necessary for current arcing. Tissue Injury was directly related to 
voltage. Tissue temperature w.s the critical factor In determining the magnitude of 
tissue Injury prior to current arcing. 
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A reproducible electric injury model was developed in Sprague-Dawley 
rats to investigate the pathophysiology of acute electric injury. Rats 
were shocked with v.-ious voltages and ., inverse relationship was observed 
between the voltage and time of IPl)lication necess.-y for current .-cing. 
Tissue injury was directly related to voltage. Electrode size -,d depth, 
distance between electrodes -,d integrity of electrode contract were 
i,,.,ortant variables in influencing tissue danage. Injury in this model 
was manifest by both cut-,eous -,d deep tissue danage. In each animal a 
cutaneous injury characterized by coagulation necrosis occurred, and local 
but not proximal deep 1 eg muscle danage was evident. Simultaneous measure­
ment of a11>erage and tissue teq>erature, both local and proximal to contact 
points, revealed a slow parallel rise in each which rapidly pelked at the 
onset of current arcing. Aq>erage then fell precipituously to zero, but 
teq>erature slowly fell to preshock levels. This three phase response of 
a'l1)erage and tcq,erature to electric shock was due to alterations in local 
tissue resistance. Tissue ten.,erature adjacent to the contact site always 
exceeded 60° C and was associated with deep mu sci e necrosis, whereas tissue 
teq>erature in leg muscles more distant from the contact site never exceeded 
60° C and those muscles survived. The result of the present investigation 
revealed that an electric burn is a self limiting injuryJ once current 
.-ced, further skin and muscle danage was i,,.,ossible because .,,.,erage fe1 
to zero. Tissue danage associated with electric injury occurred when 
electrical energy was converted to thermal energy. Tissue teq>erature 
was the critical factor in determining the magnitude of tissue injury prior 
to current arcing. Muscle injury occurred at the time of initial thermal 
insult and subsequent progressive or "de novo" muscle necrosis did no · occur. 

Electrical injury 
Rats 
Experimental model 
Pathophysiology 337< 
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23, (U) Ev•lu•tlon In terms of dr•plng ch•rKterlstlcs, •bsorbency, physlcl•n 
Kcept•nce, •nJ Ncterl•I b•rrler qu•lltles of• Spunbonded Olefln-celluloslc 1-.ln•ted 
sheeting •s surglc•I dr•pes Md gowns. A decruse In b•cterl•I seeding of oper•tlve 
1110Unds vi• dr•pes will minimize postoper•tlve wound Infections decreasing subsequent 
IIIC>rbldlty •nd fflOrtallty. 

2~. (U) Laboratory •ssessment of b•ct~rl•I b•rrler of sy~thetlc sheet!ng. Cllnlr.•I 
use of dr•pes on burn p•tlents to deter• lne surgeon accept•blllty. Photographic 
documentation of dr•plng char•cterlstlcs, absorbency, •nd "run-off". Pre- and 
postoper•tlve cultures •t Nrgln of oper•tlve field. T•per•ture monitoring to 
deten11lne he•t tr•nsalsslon ch•racterlstlcs. 

25, (U) 73 07 7~ 06 The dr•plng material hes undergon.e sever•I f•brlc•tlon 
fflOdlflc•tlon •nd the l•ln•te •snow produced does not possess rul!able b•cterl•I 
Nrrler properties. Although drops of b•cterl•I broth cultures old not appe•r to 
penetr•t.e the materl•I within four hours, Incubation of the blood ~~•r test pl•tes for 
"hours •fter re1110v•I of the dr•pe ute,i•I revealed growth of the test organi sms, 
PseudOIIIOnas species, Escherlcl• coll, Klebslell•, Serr•tl• •nd Staphylococcus In one 
third, one fourth, one sixth, one third and one fourth of test •re•s respectively. 
Unless the previously present b•cterl•I barrier c•n be restored to this materl•I by 
•lterlng f•brlc•tlon technlcs this materl•I h•s no advant•ge over cotton dr•pes and 

he study wlll be termln•ted. 
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Available surgical drapes are either uncertain bacterial barriers or possess 
undesirable physical properties which limit their usefulness and clinical ac­
ceptance. A synthetic sheeting of Spunbonded Olefin was Initially evaluated in 
both laboratory and clinic and found to be a reliable bacterial barrier but to 
drape poorly and to permit quantitative fluid run-off. 

Subsequent modification of the sheeting has resulted in the present lamina­
tion of one layer of Spunbonded Olefin between two layers of cellulosic material 
to diminish fluid run-off and improve the draping characteristics of the sheeting. 
However, the lamination and softening processes appear to have destroyed the 
bacterial barrier as assessed in the laboratory . Eighteen-hour broth cultures 
of Pseudomonas aer~inosa, Klebsiella e!!eumoniae. Serratia marcescens, 
Es,;herichia coli and taphylococcus aureus were prepared with a concentration 
of organlsmsoTapproximately 109 per cubic milliliter.and used as the inoculum. 
Discs of the synthetic sheeting were cut to cover a Petri dish area, sterilized In 
ethylene oxide, and then placed on fresh blood agar plates, using sterile technlc. 
Four drops C'f each test culture were placed on the disc in a square pattern with 
each drop approximately 1. 2 cm from the edge of the disc. The drops were left 
In place for four hour s at room temperature, following which the discs were 
then carefully removed with the drops in place . The blood agar plates were 
subsequently incubated for 48 hours and then read for the presence of bacterial 
growth in the area underlying the prior position of each drop of bacterial broth 
culture. 
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The synthetic sheeting laminate appeared to be nonwettable sine_ the drops 
of broth culture were still in place four hours after placement on the test material . 
The material. however, was permeable to each of the bacterial species tested with 
Pseudomonas penetration noted at 4 of 12 test sites, E . coli at 3 of 12 test sites, 
Klebsiella at 2 of 12 test sites. Serra ti a at 4 of 12 test sites, and Staphylococcus 
aureus at 3 of 12 test sites. It should be noted that there were five discs of the 
material tested through which none of the bacteria penetrated. This variable 
penetrability is puzzling and suggests a mechanical defect in the integrity of the 
sheeting . The manufacturer has suggested that in the lamination process. •.-.,hich 
entail s focal application of adhesive, the lar,1inating device may penetrate the 
sheeting to create a defect through which the bacteria easily pass . 

:=urther testing is underway with microscopic examination of the test material 
to identify defects in the area of broth culture drop placement. If passage of 
bacteria can be correlated with such defects, further modification of the laminatiori 
process wi II be necessary. If such gross defects are not identifiable, it is felt 
that even more extensive manufacturing modifications will be necessary since in 
its present form this material offers no significant advantage over standard cotton 
drapes, whi ch are freely permeable to bacteria. 

Mi I itary burn unit 
Operating room base inf c t i ns 
Sur ic I drape~ 
Surgicc I go vn 
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Twenty nonlnfected burned adults (mean burn size 45%, range 7-8lt%) 
and four normals studied In an environmental chamber at two or more 
temperatures between 19 and 33° C (vapor pressure constant) demonstrated 
that t he patients were hypermetabolic at all temperatures with core and 
mean skin temperature significantly elevated above control values. Be­
tween 25 and 33° C ambient, metabolism was unchanged in controls and 
burns <.40% total body surface (lt8.9 t lt.6 Kcal/m2/hr vs. 48.9 t 4.5), 
but BHR decreased In larger burns in the warmer environment (72.0 t 1.9 
vs. 65.8 t 1.7, p(.0.01). At 21° C, BHR and catecholamines Increased, 
except in four nonsurvlvors who became hypothermic with decreased 
catech~l elaboration. BHR in six patients with bacteremia was below 
predicted levels (49.1 t 2.8 measured, 75.3 t 1.2 predicted, p<'.0.001) 
while catecholamines were markedly elevated suggesting that infection 
acts physiologically like competitive adrenerglc blockade. 

Metabolism 
Heat loss 
Evaporative water loss 
Controlled environment 
Humans 
Critical temperature 
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STUDIES OF THE EFFECT OF VARIATIONS OF TEMPERATURE ANO HUMIDITY ON 
ENERGY DEMANDS OF THE BURNED SOLDIER IN A CONTROLLED METABOLIC ROOM 

Hypermetabollsm characterizes the metabolic response to thermal 
Injury, and the magnitude of this post-traumatic physiologic altera­
tion Is closely related to the extent of Injury. Negative nitrogen 
balance, loss of other intracellular constituents, and a rapid decrease 
In body weight are consequences of the increase in metabolic activity, 
and extensive loss of protoplasmic mass may result in severe erosion 
of energy and protein stores essential to optimal body function. Simi­
larltles between the thermally Injured and individuals with thyrotoxlco­
sls prompted early metabolic and endocrine studies, but th~ increased 
oxygen consumption h4s not been related to abnormal thyroid function 
(Cope O, Nardi GL, Quijano H, Rovlt RL, Stanbury JB, Wright A, Ann Surg 
137:165, 1953),10 Increased evaporative water loss from the burn wound 
results In surface cool Ing, which could stimulate metabolic activity to 
maintain normal heat balance and core temperature. The purpose of this 
study was to define the relationship between surface cooling and hyper­
metabolism following thermal Injury in a controlled ambient environment. 

MATERIALS AND METHODS 

Patients 

Twenty nonlnfected burn patients, between the ages of 14 and 49 
years, were lnltlally studied along with four normal individuals of 
approximately the same age. Burn patients were selected to represent 
a range in size of total body surface Injury, all except one were male, 
and none had significant pre-existing disease before thermal Injury 
(Table 1). The patients were studied between the sixth and 33rd post­
burn days, with the mean day of study being the 11th day following 
Injury. All patients In this initial group were stable following 
lnltlal resuscitation and during the study period, and were alert and 
cooperative during the studies. These patients did not have systemic 
Infection, as deter~lned by stable body t~mperature, absence of cl ini­
cal signs of Infection, and negative blood cultures r~d endotoxin 
levels before, during, and after the study period. 

The control Individuals were healthy male subjects working on the 
Burn Unit, who were accustomed to the techniques and methodology of 
respiratory and metabolic testing. There was no ~!story of chronic 
disease In this group, and all were vigorous, active Individuals. 

Place of Study 

The studies took place in an environmental chamber on the Burn 
Ward. This rectangular room, previously described in detail (Wilmore 
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CHAIIACT[IIISTICS OF ,ATl[NTS STUDIED AT TWO OIi HOii£ Allll[NT T£HP£RATUR[S 
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SUIJ(CTS (YHn) (kg) (..Z) (,er ~ent) D[CillH STUD I CD COHM[NT 
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)• 21 6) . 0 I. 1, 15 2 7·8 .. 17 55 , 7 1.,J 2) .. 7 
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injury; tr,,cheosto,wy 
6• .. , 17,5 2.01 Jlt . 5 0 9., 
7 ti 70 . 0 I. 1, 3' 12 I 
I• Zit 17.0 2.0, "' , .. 9., 

' It) 111 .0 2. )6 " ) 10 
10 )2 so.o l.'8 " 17 . ~ 6 Tr•cheost0111y , ,_,e 
II "' l0.0 .. ,, so 0 12 
12 JI II ).0 Z. 15 51 22 7 
I)• 26 65, I . 71 52 I 10·11 

" II 60 .5 1.77 SJ ,.5 Iii 
15• )It IS.O 2.00 60 16 . S 1~·15 
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•St.,..led over t..o consecutive Zlt•hour periods. 
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DW, Mason AD Jr, Johnson DW, Pruitt BA Jr, In Press, J Appl Physlo1)~ 1 
can maintain a selected temperature and humidity between +15° C and 
+40° C (range t 2 per cent), limited by a -1.1° C and 35° C dewpolnt. 
The maximum air velocity In the chamber Is less than 50 feet per minute 
at the level of the bed, three feet above the floor. The room maintains 
good thermal stability with electronic equipment and three individuals 
present, and cllnlcal monitoring, patient care, and burn wound treat­
ment were continued while each patient was housed in the chamber. 

Study Design 

The four normals and the first nine patients were studied In the 
chamber for two consecutive 24-hour periods after entering the chamber 
at approximately 9:00 A.H. During one 24-hour Interval, the environ­
mental temperature was set at 25° C, vapor pressure at 11.88 nmHg, and, 
during the other 24-hour study period, the environmental temperature 
was set at 33° C with the same vapor pressure. The order of the study 
periods was sequentially altered, and tests were made between the 18th 
and 24th hours of each study day. As more patients were evaluated, 
shorter equlllbratlon times were allowed, so that the final 11 patients 
were studied at two or more temperatures on the same day. These pa­
tients entered the chamber In the morning between 6 and 8 A.H., were 
allowed to rest 4-6 hours In the 33° C environment, and then studied. 
A new ambient temperature was then selected, a period of equilibration 
allowed, and additional measurements made. The ambient temperatures 
selected for this study were 33, 29, 25, 21, and 19 degrees centigrade, 
and all Individuals were studied while In two or more ambient condi­
tions. Vapor pressure was maintained at 11.88 nmHg throughout the 
range of ambient temperatures. Patients who were studied in the cooler 
emvironments (less than 25° C) we, ·e evaluated in these ambient condi­
tlo.is as the final test In the series, and were exposed for only one 
to two hours to the cooler ambient conditions before the measurements 
were made. In all other Instances, the equilibration period was four 
hours or more. 

Study Methods 

The methods of study have been previously described in detail 
(WIimore DW, Hason AD Jr, Johnson OW, pruitt BA Jr, In press, J Appl 
Physlol).51 In summary, all patients were treated by the open method 
with topical mafenlde (SulfamylonR) cream applied to the bu~n wound s . 
The individuals were maintained in the supine position, on a water­
re~istant mattress, several hours before each te~t. All patients 
were fasted three ~r more hours before and while measurements were 
made, but received water by the oral or parenteral routes if required 
to maintain a normal state of hydration. Expiratory gas was collected 
In two 200 liter Douglas bags to detennlne oxygen consumption and carbon 
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dioxide production. A mouth piece and nose clip or nose plugs were 
used as an Interface with the patient except In those Individuals with 
tracheostomi~s In whom a direct connection with the tracheostomy tube 
could be mad~. All patients were previously trained with the equipment, 
and application of topical anesthesia to the liips and nose was utilized 
In patients with facial burns to allow patient acceptance of the equip­
ment by minimizing pain and discomfort. After a steady state was 
achl~ved, the expiratory gas was collected and analyzed and the meta­
bolic rate calculated from the oxygen consumption corrected for the 
respiratory quotient and expressed in kllocalories per square meter 
body surface area per hour. Core temperature was continuously moni­
tored from rectal and tympanic probes, and a small hand-held thermo­
coupl~ was used to measure skin temperature. Between 20 and 50 skin 
temperatures were taken from areas not in contact with the mattress and 
the mean skin temperature calculated. These three basic measurements 
(metabolic rate, core temperature, and mean skin temperature) were 
carried out at each ambient condition after the period of equilibration. 

The core to skin heat transfer coefficient was calculated by the 
following equation: 

Core-skin (Kca1/m2/hr/°C) • 
metabolic rate (Kca1/m2/hr) 

---------------
core temp (°C) - skin temp (°C) 

In selected patients, urine and/or plasma was collected for the 
determination of catecholamines, measured by an automated fluorimetric 
method (Vlktora JK, Baukal A, Wolff FW, Clin Pharmacol Ther 5:398, 
1964).46 The urine was collected during the final hour of each ambient 
study condition, usually by an indwelling catheter which was present In 
most of these patients, the volume excreted per unit time recorded, the 
specimen acidified and frozen for analysis. Blood samples were immedi­
ately chilled and plasma invnedlately analyzed for catecholamine levels. 

Septic Patients 

Eighteen studies were perfo~med in 10 septic individuals (Table 2), 
all with proven bacteremla demonstrated by a positive blood culture ob­
tained at the time of study. All patients maintained an adequate urine 
output at the time of study and did not demonstrate hypotension or 
signs of cardiovascular Instability. Metabolic rate, core and skin 
temperature, urine, and/or plasma catecholamines were measured in se­
lected patients as pre~lously~escrlbed. 
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RESULTS 

Body Temperature and Heat Tran•;fer 

Core temperature did not change significantly between the ambient 
conditions ~t 25 and 33° C, but skin temperature was altered and moved 
in the direction of he environmental temperature. However, a marked 
difference was noted in the core and skin temperatures when comparing 
normal individuals with burn patients; the average core and skin 
temperatures were consistently 1-2° C higher In the injured patients 
when compared with controls (Table 3), This difference was present at 
all ambient conditions studied between 33 and 25° C, and was also found 
at the cooler temperature in those patients who were able to increase 
their metabolic rates in the 21 and 19° C environments. Heat transfer 
coefficients demonstrated a two-fold increase In core to skin conduc­
tance of heat in the burn patients when compared with control indiviJuals, 
and this two-fold increase was presen at all temperatures studied. 

Effect of Burn Size and Ambient Temper ure on Metabolic Rate 

Metabolic rate increased with burn ize. The relationship appeared 
curvilinear, metabol Ism approaching 70-75 Kcal/m2/hr when measured in 
the 33 and 25° C environment as burn size exceeded 50 per cent total 
body surface (Table 4). In the controls and patients with smaller 
burns (less than 40 per cent total body surface), there was no change 
In mean metabolic rate between 33° and 25° C (48.9 t 4.6 Kcal/m2/hr at 
33° vs. 48.9 t 4.5, meant S.E.M.). However, It appeared that a con­
sistent decreast In caloric expenditure occurred in patients with 
larger burn Injuries in the warmer environment when compared with 25° C. 
Hean metabolic rate at 25° C wa s 71.0 t 1,9 Kcal/nf/hr, which decreased 
to 65.8 t 1,7 Kcal/m2/hr at 33° C (p 0.001 by paired t test). As the 
ambient temperature decreased below 25° C, metabolism increased In both 
the controls and those patients who eventually survived. However, oxygen 
consumption rareiy exceeded two and one-half times basal levels (Fig. I). 
In contrast, four patients with more extensive burns became hypothermlc 
at 21° C, with decreased metabolic rate and a marked fall in core an~ 
skin temperature. 

Relationship Between Metabolic Rate and Catecholamines 

The urinary excretion of catechQlamines per unit time was related 
to metabolic rate measured during th~ same time period. The relation­
ship appeared linear until metabolic rate approached two times ba al 
levels, then Increased excretion In urinary catecholamine was associated 
with only a slight Increase In metabol le rate, with the predicted meta­
bolic response never exceeding two and one-half times basal level for 
normal man (Fig. 2). The ability to generate additional heat In a cool 
environment was variable In patients with burns greater than 40 per cent 
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Tab.le 3 

MEASUREMENTS FROH FOUR NORMALS AND 20 PATIENTS 

AT TWO AMBIENT TEMPERATURES 

(Nean t S • E. ) 

NORMAL BURNS p 

25° C 

Hetabo 11 c rate (Kcal/m2/hr) 35.6 t 2.0 66.8 t 2.6 < 0.001 

Core temperature (°C) 36.7 t 0.2 38.4 t 0.2 < 0.001 

Skin temperature c0 c> 31.4 t 0.2 33. I t 0.2 < 0.001 

Core-skin heat transfer 
coefficient (Kcal/m2/hr/°C) 6. 6 1; O •1• 13.3 t 1.0 <0.001 

ll:..f.. 
Hetabol lc rate (Kcal/m2/hr) 36.3 t 1.6 62.6 1: 2.3 < 0.001 

Core temperature (
0 c) 36.9 t 0.1 38. I t O. 2 <0.001 

Skin temperature (°C) 34. 2 t o. 3 35.9 t 0.2 <0.01 

Core-skin heat transfer 
coefficient (Kcal/m2/hr/°C) 13.9 t 1.4 30.6 t 2.5 <0.001 

349< 
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Table 4 

RELATIONSHIP BETWEEN METABOLISM AND PER CENT TOTAL 

BODY SURFACE BURN AT VARYING TEMPERATURES 

Ambient 
Temperature 

c•c) 

21 

25 

33 

T* 

y • Metabolic rate In Kca1/m2/hr 

x •Percent body surface burn 

T • Ambient temperature °C (T 19-33) 

p< 0.05 for al I equat Ions 

Relatlonshlp 

y • 42.70 • 1.539 X - 0.01290x2 

Y • 35.50 • 1.050 X - 0.006698x2 

y • 36.15 • 1.001 X - 0,007694x2 

y • 188.8 • 1.211 X - 10.38T 
- 0.00,274x2 + 0,1701 y2 

*Based on 72 measurements of metabolic rate at five different 
temperatures; hypothermlc patients not Included. 

:iSO< 

l,877 

t'.889 

0,795 

0.849 



RELATIONSHIP BETWEEN METABOLIC RATE ANO 
BURN SIZE AT THREE AMBIENT TEMPERATURES 

100 

• 

·' . ·' ·' •✓ • 
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• 
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• • 
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' ~--------------
• •--••• •• • I .,., . 70 . ·- -"-- . . .... 
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I 

. i u / 
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I 
✓ 
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• - 33•c 

30.,__....., _ ___. __ ...,__...,._...,. __ .,__....,_..,. __ ~_ 
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% TOTAL BODY SURFACE BURN 

Figure 1. The relationship between metabolic rate and environ­
mental temperature Is defllOnstrated by the Individual regression curv:s 
derived for 21, 25, and 33• ambient, as calculated for lndlvldu.1 equa­
tions In Table~. loth normal men and burn patients Increased metabolic 
rate at 21• C when compared with 25 and 33• C. Only a small decrease 
in 11etabollsm occurred In patients with large thermal Injury studied 
at 25 and 33• C, and the reduction was In the order of 5-8 Kcal/m2/hr. 
ltetabollc rate did not return to normal when the patients were studied 
In a warm envl ro-,ment. 
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RELATIONSHIP BETWEEN METABOLIC RATE AND URINARY CATECHOLAMINES 

12C 

~ 100 
'\ 
' ! 80 
~ 

• • 

• 

• 

MR •103 -0117 UC+ 222Lo9•UC 

MR • Metoboltc: Rote Kcol t m2 / hr 

UC • Urine Cotec:ho lom,ne. fL gm /hr 

R2 • 0 87, p <0 .01 

20-----+------+---------4'9----+-----+---
o 20 40 60 80 100 

URINARY CATECHOLAMINES fl. gm / hr 

Figure 2. Th ~ response curve to a dose of catecholamine or to 
nerve stimulation has the shape of a r~ctangular hyperbole, with a 
large quantitative difference In response elicited by a small ch~nge 
In dose. As the catecholamines increase, a plateau Is reached and 
Increasing doses exert little effect on metabol le rate. Our da ta 
expressed as a hype.-bol I c funct Ion Is: 

HR• 100.93 • 580.56 + 1,584.58 · 1351 .64 

UC uc2 uc3 

N - 55, R2 • 0.84, p<0.05. 

··52 J;< 
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total body surface (Table 5). In four patients with an average burn 
slz of 57 p r cent (range ltt-76), there was a marked accentuation ot 
hyp rmetabolism, and this compen:;atory lncrea e in heat production 
maintained core temperature and -.as accompanied by an i1h: rease in excr -
tlor of urinary catecholamines. However, four patients with a mean burn 
siz of 65 per cent (range 51-81t) studied in a cool ambient temperat re 
fdi led to maintain heat balance and became hypothermic . These 11non­
responders" had a sudden decrease In their catecholamine excretions 
during exposure to the cooler ambient temperature (Fig. 3). 

Septic Patients 

Metabolic rate was significantly decreased in 10 septic patients 
studied. The mean metabolic rate was 50.3 t 2.2 Keat/ml/hr compared 
wi h predicted or measured rates during nonseptlc intervals which 

veraged 73,0 t 1.2 Keat/ml/hr (Table 2). Urinary catecholamines were 
markedly elevated In these patients, averaging 910.8 t lt06.>,igm/hr, and 
this level of catecholamine excretion was inappropriately high for the 
metabolic response measured (See Fig. 2) 'Table 6). 

DISCUSSION 

Hypermetabollsm characterizes the metabolic res~ons following 
thermal Injury, and this alteration in metabolic acti~1ty co r relates 
well with an Increased evaporative water loss from the burn wound 
<Harrison HN, Moncrief JA, Duckett JW Jr, Mason AD Jr, Surg ry 56:203, 
;,61t).2ts Decreasing wet or dry heat loss in small animals has been 
reported to return metabol le rate towards normal (Caldwell FT Jr, Ann 
Surg 155:119, 19622;b Lieberman ZH, Lansche JH, Surg Forum 7:83, 1966).37 
Burn patients treated in a warm environment (32° C) demonstrate lower 
metabolic rates than when treated in a cool environment (22° ci (Barr 
P-0, Blrke G, Liljedahl S-0, Plantln L-0, Lancet 1:161t, 1968), and 
this evidence has ~en interpreted to support the thesis that hyper­
metabolism In the burn patient 's a response to increased surface 
cooling due to Increased evaporative water loss. In contrast, Zawacki 
and associates covered burn wo~nds with a water-Impermeable membrane 
and thus blocked evaporative water loss, but foun~ no consistent altera­
tions In metabolic rate In burn patients at approximately 25° C ambient 
temperature (Za~ckl BE, Spitzer KW, Mason AD Jr, Johns LA, Ann Surg 
171 :236, 1970) ,56 

In this study, the average core temperature of the burn pati nt 
was elevated above normal, and the mean skin temperature was increa ed 
In all nonhypothermlc patients at all ambient conditions studied when 
comp red with normal man, demonstrating that th burn patient ar 
Internally warm an~ not externally cold. The usual respon e of normal 
man to a cold environment Involves both vasocon trlctlon to achiev 

353< 
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Tab le 5 (A) 

DESCRIPTION OF PATIENTS STUDIED - MULTIPLE TEMPERATURES -
BODY TOTAL BODY 

WEIGHT SURFACE SURFACE BURN POSTBURN DAY 
PATIENT AGE (kg) AREA (m2) (Per Cent) PER CENT 3° STUDIED 

43 I I 8.0 2.36 41 3 10 

2 32 50.0 1.48 46 17.5 6 

3 18 66.0 1.88 63.5 21.5 10-11 

4 22 48.0 1.59 76 33.5 33 

5 71+ 66.4 I. 71 46 27 6-

6 38 113. 0 2. 15 51 22 7 

7 22 64.0 1.86 57,5 19.5 7 

8 60 67,3 I. 84 62 53 11 

9 34 7].0 1.91 66.5 39,5 14 

10 25 68.0 I. 85 84 76 8-9 

355< 
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FAILURE TO RESPOND TO COOLING IN 
PATIENTS WITH LARGE THERMAL INJURY 

e c:] ME AN BURN SIZE 57 % 

e rz2l ME AN BURN SI? 5 % 

I I 
23 25 27 29 31 

AMBIENT TEMPERATURE •c 

) 

Figure 3. The bility to generate additional he at "t o Id ~t r cs 
is variable in patien ts with large thermal inju ry, but , pp r s t o <'e - ) 
pend p rimarily on burn size. Individuals with smaller in jt1, c 
availc:1ble metabolic reserve resp nd to coo ling by i n re s ir,g met 
rate and th i s response is associated wi h inc re sed uri na • y r · t o la-
mi nes (sol id dot , st ippled bars), while others lac c . h l or t i s ue 
re s erves, fail to mai ntain heat ba lanc , an d b com h p tt r mi c 
(crossed dots) . These "non ponders " ar ap parentl y t maximal r~te 
of energy production and c.J nno t respond app o pr ia t ly to ( , ted 1 
mediate d st ress, such a o li ng , i nfection, and hemorrhaql'!. r ,) ! lc.l r l y 
patien t s t udied react d p ys · olog i ca l ly I i k oiki lo th rn L• v r y -
i ng ambient t mp r ture ~ . 
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Table 6 

METABOLIC REQUIREMENTS IN PATIENTS WITH BACTEREMIA 

HETABOLI C RATE URI NARY 
AHBI ENT (Kea I /m2 /hr) CATECHOLAMINES 

PAT 1£, 'T TEMPERATURE PREDICTED~~ MEASURED (ugm/hr) 

21 84.5 66.2 668 

25 74,3 51.7 195 

33 70.2 58.8 22.8 

2 25 74,5 40 . 6 

l 
29 69.8 35.6 

3 33 71.0 60.4 
' 4 25 74.7 54,5 

5 :! 1 84.4 51.3 

25 74.2 53,8 

29 69.4 48.2 

33 70.1 45.5 

6 25 72. 7 35,9 

29 67.9 35.9 

7 25 71. 4 44.4 930 

25 71. 4 54 .0 1,391 

8 25 64.7 54.l 264 

9 25 75.2 52.0 3, 498 

10 25 72.8 62.3 18 

:': Ba don r gre ion equati on , mea urem nt in f i v pat ien s 
befo re septic ep isod a re compa r b I t th red i t d V I u s . 

357< 
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core insulation and decreased sweat secretion. Further cooling results 
In hypermetabollsm, which occurs in an individual with a normal or 
slightly decreased core temperature and a cool dry ~ktn. Our patients, 
however, were hypermetabollc In a warm environment, with elevated core 
and skin temperatures, and, when equilibrated with a cooler environment, 
continued or sllghtly Increased their hypermetabollsm while their core 
and skin temperature remained higher than those of the normal controls. 
Evaporative water loss and surface cooling In the burn patient ls not 
the primary stimulus for the hypermetabollc state but rather the hyper­
metabolic response Is related to an endogenous reset In metabolic ac­
tivity. Vaporizational heat loss serves as a convenient route for 
transfer of this large heat load from the body. 

The lnabi I tty of the burn patient to return metabolic rate to 
normal levels in a warm environment is comparable to reports by Swedish 
Investigator~, who found a decrease of metabolic rate between 22°and 
32° C, but failed to demonstrate a return of metabolism to basal levels 
in patients in warm dry air (Barr P-0, Birke G, Liljedahl S-0, Plantln 
L-0, Lancet 1:164, 1968). As noted in the present study, hyper­
metabolism occurs in nonnal man at 21° C, and other reports suggest 
that the critical temperature for man Is approximately 24-25° C (range 
22-27) (Erikson H, Krog J, Anderson KL, Scholander PF, Acta Physiol 37: 
35, 1956; Wilkerson JE, Raven PB, Horvath SH, J Appl Physiol 33:451, 
1972).12,50 Exposure to ambient conditions below this temperature 
results in hypermetabollsm. Increased heat production, accentuated 
nitrogen excretion, and weight loss occur In fasted normal man (lam­
petro PF, Bass DE, J Appl Physlol 17:947, 1962) ,33 burn patients 
(Blrke G, Carlson LA, Von Euler US, Liljedahl S-0, Plantln L-0, Acta 
Chlr Scand 138:321, 1972) ,4 and individuals with fractures (Cuthbertson 
DP, Fell GS, Smith CH, Tllstone WJ, Nutr Hetab 14:92 (supp), 1972)1! 
when studied below critical temperature, and this is a normal physio­
logic response to cold exposure. We Interpret our data and the other 
clinical reports as Indicating that warm environments do not abate the 
metabolic resr.>onse to Injury but rather that cold environments accen­
tuate or augment t:ht! post-t rau~t i c metabolic response to injury. 

What is the 1111?diator for the Increased energy production following 
therma 1 lnj ury7 Hormonal st i mu lat Ion of heat product Ion occurs with 
the elaboration of thyroid hormones or catecholamines (Hsieh ACL, 
Carson LO, Amer J Physlol 190:243, 1957).31 Thyroid function has been 
carefully studied and hyperthyroidism does not appear to cause the 
Increased oxygen consumption following burn trauma (Cope 0, Nardi Glf 
Quijano H, Rovit RL, Stanbury JB, Wright A, Ann Surg 137:165, 1953). 0 
Catecholamines are elevated following thermal injury (Goodall HcC, 
Stone C, Haynes BW Jr, Ann Surg 145:479, 1957) ,18 and adrer. rgic ac ­
tivity, as measure~ by urinary excretion of catecholamines (Von Euler 
US, Clln Pharmacol Ther 5:398, 1968),47 is related to the extent of 
stress or severity of injury and to the oxygen consumption of the 
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patient (Harrlson TS, Seaton JF, Feller I, Ann Surg 165:169, 1967) •29 
With wound healing, catecholamines and metabolic rate return to normal. 

Cannon demonstrated the Importance of the sympathetic nervous 
system to the maintenance of body homeostasis following a wtde variety 
of stresses, . and suggested that increased heat production, which charac­
teristically occurs with sympathoadrenal discharge, may be one of the 
most important physiologic effects of these hormones (Cannon WB, The 
Wisdom of the Body, New York, Norton, 1967, pp 177-201).7 Catechola-
mines lnf~sed Into animals Increase metabolic rate, and epinephrine or 
noreplnephrin~ (Stone DJ, Keltz H, Sarkar TK, Singzon J, J Appl Physlol 
34:619, 1973) 2 infusions In norma• man produce hypermetabolism. Rats 
In which adrenerglc function is conpletely blocked die in three hours 
when exposed to 4° C ambient environment, while normal animals adjust 
to the temperature by lncreasln~ their metabolic rate (Brodie BB, 
Davies JI, Hy~le S, Krishna G, Weiss B, Pharm Review 18:273, 1966).5 
Totally sympathectomized cats can be maintained in a car~fully control­
led laboratory environment, yet are unable to defend against hypoxia, 
fluid restriction, stresses of environmental temperature, hemorrhage, 
and exercise (Cannon WB! Newton HF, Bright EH, Henkin V, Moor~ RH, Amer 
J Physlol 89:84, 1929). The Importance of the adrenergic beta recep­
tors in mediating calorlgenesis was demonstrated by Estler and Anwnon 
(Estler C-J, Anwnon HPT, Canad J Physlol Pharm 47:427, 1969) , 13 and was 
confirmed in our patient studies. Alpha blockade did not affect heat 
production in the burn patients, while combined alpha and beta blockade 
and beta blockade alone significantly reuuced metabolic rate. Thus, 
the Increased heat production appears to be mediated by catecholamines, 
which have a direct effect on cellular calorigenic activity. However, 
the Increase In sympathetic activity and catecholamine elaboration in 
the burn patients is not the immediate effect of cold stimulation of 
peripheral or central nervous system receptors. 

Other factors interact with the basic reset in Internal metabolic 
activity to alter the final sympathetic-mediated physiologic response. 
First, ambient temperature affect~ the basic reset to increase meta­
bolic rate as environmental temperature falls below 25° C. Moreover, 
patients with burns greater than 40 per cent of the total body surface 
demonstrate a slight reduction in heat production between 25 and 33° C. 
This response Is due to the inability of patients with large thermal 
Injury to achieve adequate core to skin insulation and reduce surface 
temperaturt In respons e to cooling (Wilmore OW, Mason AD Jr, Johnson OW, 
Pruitt BAJ.-, In Press, J Appl Physiol),5 as demonstrated in this study 
by the increased core-skin heat conduction In the burn patients as com­
pared to controls. One explanation for the impairment in insulative 
function and inability to regulate skin temperature and limit heat loss 
Is that tissue Injury results in increased blood flow to the skin, ap­
parently to aid oxygenation and Improve nutrient supply to insure 
wound healing. This thesis is supported by studies in burns demon­
strating a hyperdynamlc circulatory state, increased cutaneous blooi , 
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flow, and peripheral shunting, associated with normal visceral flow 
and oxygen extraction (Gump FE, Price JB Jr, Kinney JH, Surg Gynec 
0bstet 130:23, 1970),26 

Secondly, the ability to respond to a stimulus requ1r111g catechol­
amine-mediated calorigenesis depends upon the vailability of catechol­
amine reserves and the ability of tissue to r e pond to increa ed catechol 
stimu! i. Goodall and Haynes reported that patient with large thermal 
injury may show depletion of adren 1 medullary c techolamines (G odall 
HcC, Haynes BW Jr, J Clin Invest 39:1927, 1960) ,19 and Goodall and 
Moncrief demonstrated that severe thermal injury could deplete rronoamine 
stores in the sympathetic nerve endings and sympathetic ganglia 
(Goodall HcC, Moncrief JA, Ann Surg 162:893, 1965) ,20 labe ll ed dopa­
mine administered to patients with large ther mal injury demonstrated 
an increased turnover compared with normals, and ther was a marked 
shift of this preC:l t r sor t oward noradrenaline synthe is and utilization 
(G odal I HcC, Alton H, J Clin Invest 48:1761, 1969) . 21 The turnover 
and excretion of dop mine was so rapid that Goodall uggested precur­
sors be admini s te r ed to burn patients to insure adequate adrenergic 

tores . These study patient s with ~urns grea t r t~ an 40 per c nt o f 
the body su r face appear to ma i ntain maximal o r n maximal rate of 
catechol syn t he is and utilization. Exp si ng h patients to a 
coo 1 en vi ronmen t ( 2 1 ° C) res u 1 ts in a mi 1 d ·o I d · s , o rd i n r i I y a 
s lmulus for the abo rati on o f addi t i niJl cat mines . Pati n t 
who event ua l l y su r vi ve d re~pond d by incr ea s ing product i n as a 
resul o f i n r ease e l nborat ion o f t echolamine • In cont r s t , the 
patien ts ho 1 c~ed catecholami n t 
t hese med i r s failed to gene r a t 
balance i e 21 ° environmen t and b 
in a te cho l 1i ne excretion r ef l ec ting a pr edic t 
du ing ypo t hermia. All of e ~ nonre ponding p t i n ts 

ied from compli c:atio. s of th i r i n j u r y , Li k n 1 ym 
t om i z d ts , t h nonresponder l acked h eost atic r c r v , f o r 
had r ese t t h i r ra e of nergy r oduc ti on t ;JX i um leve l. 
t i na l sympa h t ic ne rvou t m r es r ve i I I fo r'-• 
mi n -m d i ated r espo es t o coo l i n , i n f • · ti n, mo r rhage. 

The ct s 1·li th th 
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Infection i s confflOn ly associated with a febrile response and an 
inc rease in metdbolic ra te (Coleman W, Duhoi s EF, Arch Int Med 15:887, 
1915),9 Tht s i true in patients wtth. small burns wh.o have ''ca lor igen ic 
rese rve.'' for infec tion wi 11 cause an additional expenditure of en rgy 
which aba t es as the septi c process i s con t roll ed. Seps i s evoke a 
sympathoadrendl respon se (Feldman J, Ge llhorn E, Endocr ino logy 29:141, 
1941; Griffiths J, Grove AC, Leung FY, Su rg Gynec Ob tet 6:897, 1973i 
Groves AC, Grif f iths J, Leung F, Meek RN, Ann Surg 178:102, 1973),l4,l4,25 
but the physiolog ic effects o f "the catecholamine ap p ar to be blunted as 
a consequence of t he inf ct ion in pa ti ent \vith larg t h rmal injury, a 
res ponse simila r to ph a rma ologi c compe ti tive adrenerg ic blockade. The 
ma ~ked increase i n ca techol am in es i the bl ood and urine of our s ptic 
pa lent was accompani ed by an inapp ropri tely low phys iologic r sponse 
to thee neurohumo ral medi a t o rs , resulti ng in inadequa te hea t produc ti on, 
in rea ed skin bl ood flow, and pro r s ive hypothermi a . Wh i le t hee 
high le ve ls of cate holamlnes may re pr en t a ma s ive re ponse of t he 
sympathetic ne rvous sy t ern to in fe tion s oci t ed \vith ti ss ue refrac ­
toriness, these in fec ted patients ar imil ar to o t hers with l arge h r­
mal Injury with li mi ted at chol am in s to re and mini ma l h n~o ta ti c re-
erve, This 1 rge increas in exc ret ion of ur inary ca echolam ines i 

observed whe n the issu in t iva t ion pr c ss is inh ibited, as een with 
recepto r bl ock Je , wh ich resul ts in t r n mi t te r ov rf l "( Iverson LL, 
The Up ake nd Sto age of No ra rena li ne in Sympathe tic N r ve , Lon n , 
Camb rid e Un i v , 1967, p 87) 34 nd a dim inu tion of t h end -o rg n 
phy i lo ic r pons . U have no t ob rved in nonsept ic burn patien s 
the very high pl m and urine cone n r ti n of cat cho l am ine meas u red 
In th infe ted p tint 

Ine r ~ed sympat h ic act iv i ty r s fo ll ow ing bu rn in jury is 
a lso c aract c ri s t ic of m jo r tr uma (Frank on C, G rnz II CA , V n r 
US, J Cl :n Endocr 14:608, 1954) ,15 ol xpo ure (H i eh AC L, C r n 
LO , Am r J Phy io l 190 :243, 1957) ,3 1 s v re ~xerc i (Von Eu ler US, 
Hell ner 5 , Ac a Phys io l Scand 26: 183, I 52 ) 48 nd othe r 
(Vett r NJ, St r nge RC, dam W, Oli v r MF , Lane t 1:284, The 
sympathe ic ner vous y t md i rect s t he b i lizat ion of su r t 
ti ue tores to provide pecif ic body uc by hav i ng d i r c on 
body t is ue , by a l terin c i rcu l t ion , and y interacting wi h cth r 
h rrron to regu l at ub s tr te f lm, (Hi m -Hagen J , Pharm v1 •vs 19: 
367, 1957; Ro bin on GA.( But h r R , Suth r l, nd rn , C cl i AMP , 1.;w Yr 
Ac dem lc press , p 14 5) -'0,41 In dd i tion, t ho l amin cs sti ul at 
cal orlg n is by a dir c f f ton c ll ul r mct abo li in-

h t prod uction (Griff i th FR Jr , Ph s io l R vi ' W 

s d er s ymp h ic ac tivity foi l s ton 
ub s ra i d i r t d int t i · u 

hy i g is s r gn ii d h i i nt ra n 
t ic c t ivity as c t , b i c , 
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the expenditure of energy, and the parasympathetic activity as ana­
bolic, conserving and re~torlng body fuel (Best CH, Taylor NB, The 
Phrstologlcal Basts· of Medical Practice, Baltimore, Williams andWilklns, 

1955, p 737) •2 

What then directs and reguldtes the sympathetic response following 
thermal injury? The reflex arc is composed of nervous and/or humoral 
afferent stimuli to the hypothalamus, which In turn initiate responses 
along sympathetic and motor efferent pathways (Gordon HL, Endocrinology 
47:347, 1950; Griffith FR Jr, Physlol R,-views 31 :151, 1951).22,23 Stim­
ulation of the ventral medial nucleus f the hypothalamus in animals 
prc,duces increased sympathetic activit} associated with hyperthermla, 
hy1>erglycem ,a, hyperglucagon~mla, and ;nsullnopenia (Frohman LA, In 
Parablolo'f Annual, edited by H. L. lodchlm, New York, Appleton-Century­
Croft, 19 , p 353),16 This and other related hypothalamic nuclei 
integrate the function of the autonomic nervous system and regulate 
body temperature, the flow of energy substrates, metabolic rate, and 
other endocrine functions in a coordinated manner . The metabol i c con­
trol center of the hypothalamus is closely integrated with the activity 
of the thermal regulatory centers, specifically with the posterior are~ 
described by lsenschmldt and Krehl, which regulates the cold response, 
and some authors have suggested that this thermal regulatory area and 
the sympathetic center are the same (Best CH, Taylor NB, The Ph¥sio­
loglcal Basis of Medical Practice, Baltimore, Williams and Wilkins, 
1955, p 737).3 

Burn patients appear to ha e reset their thermal regulatory set 
point upward, thus Increasing the discharge of sympathetic impulses to 
stimulate heat production and substrate mobilization in order to main­
tain a new and -1c•.c:1ce,J core temperature. Burn patit:nts increase meta­
bolic rate In a coc! environment at core and skin temperatures above 
the set points recorded for normal man (Wilmore DW, Mason AD Jr, Johnson 
OW, Pru I tt BA Jr, In Press, J Appl Physiol) ,51 If burn patients are 
al lowed to control the ambient temperature, they select "comfort" 
environments between 28 and 35° C and maintain elevated core and skin 
temperatures while subjectively comfortable (Wilmore DW, Mason AO Jr, 
Johnson OW, Skreen RW, Pruitt BA Jr, USA Institute of Surgical Research 
Annual Progress Report, HEDD-288(R1), 1973, 39-23).55 Fasting blood 
glucose is above normal levels following injury, and the hyperglycemia 
is related to the extent of the injury and th~ increased catecholamine 
excretion rate. Fasting level~ of growth hormone are also elevated 
above control values in spite of hyperglycemia (Orcutt TW, Wilmore OW, 
Pruitt BA Jr, Unpublished Data) .38 Afferent neural or hormonal stimuli 
from t~e injury appear to influenc hypoth~lamic centers to elevate 
central temperature (and/or metabol lc) et point, incrca ing ymp,Hh tic 
nervous system activity, and re ulting in the hypermetaboli m charac­
teristic of thermal injury. 
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*Samuel S. Spicer, M.D. 
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Gastric pathophysiology in the thermally injured soldier was studied 
in order to describe factors which may be important in the etiology of 
Curling's ulcer. The methods for clinical study encompassed 1) gastric 
endoscopy with photography and biopsy for semiquantitative mucous deter­
minations, 2) ion flux across the gastric mucosa, 3) coagulation studies 
4) measurements of gastric clearance of a radioactive isotope. 

Thirty-two adult patients were evaluated with burns of greater than 
25% tolal body surface (TBS) sustained within one ~.ieek of admission to 
the US Army Institute of Surgical Research. Initial studies were performed 
within 72 hours post burn and were repeated during the second and third 
week post injury. 

Gastroduodenoscopy demonstrated that superficial gastric and duodenal 
mucosa! lesions occurred soon after thermal Injury In most patient~ (86%) 
with burns involving more than 35% of their total body surface. Deeper, 
ulcerative lesions developed later in areas of intense early mucosa! injury. 
Gastric and duodenal abnormali ies frequently coexisted without clinical 
signs or symptoms. Twenty-one gastric biopsies in 9 patients demonstrated 
normal quantities of superficial and deep cellular mucosubstances as 
determined by mucous histochemistry. Diffuse gastric mucosa! disease was 
present in 78% of the patients with normal cellular mucosubstance. Per­
meability of the gastric mucosa! barrier to hyrlrogen back diffusion was 
studied by a lithium flux technique. Diffuse gastric mucosa! lesions were 
present in 7 of 10 patients with a normal mucosa! barrier which suggests 
that an increased back diffusion of hyrlrogen ions Is not an etiologic 
factor in the development of these early gastric lesions. The disruption 
of the gastric mucosa! barrier in eight patients correlated with endoscopic 
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and clinical progression of mucosa! disease. Gastric clearance of radio­
active technectlum was too variable for analysis. There was no correlation 
between changes In coagulation studies and the endoscopic or clinical 
manifestations of gastroduodenal mucosa! disease. 

Evaluation 
Gastri c physiologic di stu,·bances 
Therma 1 injury 
Burn pat i n ts 

;',Present address: Department of Pathology, Medical University, 
Charleston, S. Carolina 29401 
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EVALUATION OF GASTRIC PHYSIOLOGIC DISTURBANCES ASSOCIATED 
WITH THERMAL INJURY IN A ~ILITARY POPULATION 

Gastric pathophysiology of the thermally injured patient has been 
studied to better define the etiologic factors responsible for Curling's 
ulcer. This clinical study encompassed 1) gastric endoscopy with 
photography and biopsy for semiquantitative mucous determinations, 
2) measurement of ion flux across the gastric mucosa, 3) measurement of 
coagulation Indices, and 4) measurements of the gastric clearance of a 
radioactive isotope. 

Thermally injureJ patients with greater than 25% total body surface 
area Injury were evaluated within one week ot aci111ission to the U.S. Army 
Institute of Surgic~l Research. Written informed consent was obtained 
from all patients prior to study. A minim~m age limit of 15 years was 
established for the study. Clinical investigative procedures were per­
formed within 24 hours, if possible, and at 72 hours post burn. Further 
evaluation was carried out during the second and third week post injury. 

Gastroduodenal Endoscopy 

To determine the true incidence, morphology and behavior of acute 
. gastroduodenal disease fol lowing thermal injury, early and serial fiber­
optic gastroduodenoscopies were performed in 32 burn patients. A history 
compatible with chronic peptic ulcer disease or gastritis, evidence of 
previous gastrointestinal surgery, or a history suggestive of excessive 
alcohol, aspirin, or steroid consumption eliminated the patient from 
consideration. Resuscitation fluids, systemic and topical antibiotics, 
vitamins, antacids, analgesics, anesthetics, and nutritional suppor t 
were managed independently by each attending physician. Gastroduodenos­
copy was performed with the Olympus GIF-D fiberoptic pan-endoscope. 
Premedication consisted of sufficient intravenous diazepam to induce 
drowsiness (up to 20 mgs). This was occasionally supplemented by 
intravenous Heperldine (up to 25 mgs). Each endoscopic procedure 
thoroughly evaluated the distal two-thirds of the esophagus, the 
entire stomach, and the first portion of the duodenum. Photographs 
were taken of each area examined and representative mucosa! biopsies 
were procured. In patients with nasogastric tubes in place, super­
ficial gastric l~sions that were In a linear distribution or that were 
localized to a discrete area of the stomach were attributed to the 
effects of mechanical irritation and were discounted from the study. 

During the eight month period be tween January and August 1973, 77 
thermally injured patients who fulfilled the study criteria regarding 
age, burn size, and post burn Interval were admitted to the U.S. Army 
Institute of Sur3ical Research. Thirty-nine of these eligible patients 
(51 %) entered Into the investigation and 32 were successfuly examined. 
All of the patients studied with one exception were male. Age s ranged 
from 16 to 74 years (average age ]4.8 years) and the burn siz varied 
from 23~ to 96% total body surface (Average burn size 56.6%). Larger 
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burns predom \nated in the itudy group with 19 patients having injuries 
greater than 50% of their total body surface {Table 1). Mortality with-
in the study population was 75% (24 of 32 patients). Mortality of patients 
eligible for study but not evaluated by endoscopy was 73% (33 of 45 
pat lents). 

Fifty-three gastroduodenoscopies were performed without complication 
in the 32 patients. Six patients were studied on three occasions at 
Intervals designated by the protocol. Nine patients were examined twice, 
while 17 pati 0 nts were evaluated only once. 

Twenty-three of the 32 patients {72%) we re studied within 72 hours 
after injury. Four of these patients were e;,amined within 24 hours of 
injury {one as early as 12 hours post burn). The remaining nine patients 
were evaluated 4 to 20 days after injury. 

Thirty-five biopsy specimens (32 gastric and 3 duodenal) ~~re 
obtained from 19 of the patients evaluated within the initial 72 hour 
period. Postmortem examinations in 19 of 24 patients confirmed the 
findings described at gastroduodenoscopy. 

Superfic'al Gastric Mucosal Injury 

Superficial mucosal abnormalities were recognized at gastroscopy in 
25 of the 32 patients {78%) {Table 1). Gastric mucosal injury was iden­
tified as early as 12 hours post burn and was present in 17 of the 23 
patients evaluated within 72 hours after thermal injury. Three patients 
with burns involving less than 30% of their total body surface had 
repeatedly normal examinations. Twenty-nine patients had burns involving 
more than 35% of their total body surface. In this group of larger burns, 
gastric mucosal abnormalities were recognized soon after thermal injury 
in 25 of the 29 patients {86%). Three types of superficial gastric mucosal 
lesions were recognized. Most convnonly, small punctate erythematous 
lesions, a few millimeters in diameter, were diffusely scattered over the 
rugal crests of the fundu~ and body. Areas of central pallor were 
frequently present within these small circumscribed areas of erythema. A 
second variety of lesion suggested a conglommeration of the smaller lesions, 
appearing as a large {often greater than 2 cm in diameter), irregularly 
shaped, confluent area of erythema and mucosal hemorrhage. Discrete 
erosions with circumferential erythema represented the third type of 
lesion usually encountered. All three varieties of lesions could be 
present within the same stomach as early as 24 hours after injury. The 
histology of these lesions revealed microvascular congestion, mucosa! 
hemorrhage with mild inflammation, and cellular disruption above the 
muscularis mucosae. 

The gastric lesions were always distributed over the fundus and 
body of the stomach. While disease was never isolated to the antrum, 1n 
12 of 25 patients {48%), the antrum was also abnormal. Serial evaluations 
indicated that the antrum was usually less extensively involved than the 
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Table I 

Incidence of Acute Gastric and Duodenal Disease 
in Relation to Burn Size 

TBS Injury No. No. Gastric No. Duodenal 
(%) Patients Abnormality Abnormality 

0-20 0 0 0 

20-30 3 0 0 

30-40 2 2 

40-50 8 6 6 

50-60 7 7 7 

70-80 4 4 2 

80-90 3 3 3 

90-100 3 2 2 

T<.,tal 32 25 25 _______ " ______________ _ 
% Abnormality 78% 72% 



more proximal areas. 

Gastric Ulceration 
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Seven patients In the study group (22 %) had gastric ulcers by .ndos­
copy (Table II). Three patients had multiple gastric ulcers and two of 
these had concomitant duodenal ulcerations. All seven patients had 
superficial gastric mucosa! disease and the ulcerations were located In 
areas of diffuse mucosa! abnormalities. The earliest detection of a 
discrete gastric ulcer was at 96 hours post burn: two other patients 
developed ulcerative lesions in areas of superficial mucosa! injury 
during the first \'leek post burn. 

Superficial Duodenal Inflammation 

Twenty-three of the 32 patients Ci2%) had diffuse mucosa! abnormal­
ities of the proximal duodenum at thP time of their initial endoscopy 
(Table I). Acute duodenal changes were evident In 14 of the 23 patients 
(61 %) who were evaluated within 72 hours post burn. All patients with 
duodenal involvement had burns of greater than 35% total body surface, 
and in al I but two cases, acute gastric mucosa! disease was also present. 
Erythema, edema, increased mucosa! friability, and erosions of the bulb 
and proximal duodenum characterized the endoscopic picture of 11duodenltis 11 

in these patients. In some cases, there appeared to be actual mucosa! 
sloughs within the duodenal cap. The histology of representative areas 
demonstrated microvascular congestion with mucosa! hemorrhage, increased 
round cell infiltration, and occasionally, cystic dilatation of Brunner's 
glands. 

Seven of the 23 patients with ,:duodenifis 11 also had duodenal ulcers 
at the time of their first examination. In these patients mucosa! ery­
thema and congestion were most pronounced in the vicinity of the ulcer, 
-llthough the mucosa of the entire duodenal bulb appeared abnormal. Two 
other patients with erosive duodenal disease recognized within 72 hours 
post burn later evolved a frank duodenal ulceration in the area of early 
superficial injury. Both ulcers were clinically inapparent and healed 
uneventfully. 

Only two patients had duodenal changes without accompanying gastric 
disease. One of these patients with isolated "duodenitis 11 demonstrated 
a reactivated chronic duodenal ulcer and the other had biochemical 
evidence of pancreatitls. 

Duodenal Ulceration 

Nine of the 32 atients had duodenal ulcerations (28%); t\..O of 
these patients also had multiple gas tric ulcers (Table II). Duodenal 
ulcerations were not observed within 72 hour s after injury, the earliest 
lesion being detected on the 4th pc.~t burn day. Scv n of th 9 ulcers 
were in the anterior - inferior portion of the duodenal bulb; the other 
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Tab1e II 

Types of Gastroduodena1 Disease 
Encountered at Endoscopy 

Nl.ffl>er Tota1 Patients 

Erosive gastritis* 

With gastric u1cer 

With duodenit is 

With duodena1 u1cer 

Gastric u1cer 

With duodenal u1cer** 

Duodenitis 

With duodenal u1cer 

With pancreatitis 

Duodena1 u1cer 

Chronic, reactivated 

2S ( 78%) 

7 

13 

6 

7 ( 22%) 

2 

23 ( 72%) 

9 

9 (28%) 

*Fundus and body were always fnvo1ved; antral invo1ve­
ment in 48%. 

**Associated with mu1tfp1e gastric ulcers . 
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two ulcers were located on the posterior wal I of the duc-denum. Al I 
duodenal ulcer patients had an accompanying 11duodenitis 11

; in two of 
these patients an ulceration was actually observed to evo \ ve in the area 
of early erosive disease. With one exception, all patierits wi ~h dl-idenal 
ulcers also had acute gastric mucosal disease. 

Clinical Behavior of the Acute Gastroduodenal Disease 

Although over 70~ of the patients evatu~ted within 72 hours post 
burn had endoscopic abnormalities of the stomach and duodenum, and 75% 
of this population succumbed to complications of their burn disease, the 
incidence of brisk hemorrhage and perforation in this group of severely 
ill patients was only 28% (9 of 32 patients) (Table Ill). Surgical 
intervention for control of life threatening hemorrhage was required in 
two patients, both with duodenal ulcers. Ulcer perforation (one gastric 
and one duodenal) occurred in two other patients. In the entire study 
group, only four patients (12.6) developed gastrointestinal complications 
which necessitated a laparotomy (Table Ill). 

Successive endoscopic evaluations were performed In IS of the 32 
patients. Prngression of the gastroduodenal abnormalities was documented 
in 9 of 15 patients by an Increased number and distribution of lesions 
as well as by ulcer formation. Endoscopic evidence of disease progression 
closely paralleled a deterioration in the clinical cour3e of the patient. 
Six of the 7 patients with progression of their mucosa! disease ~,ere 
sept i.: and four of these were also hypo tensive and hypoxic. The h«> 
patients whose disease progressed in spite of an uncomplicated clinical 
course had erosive "duodenltis"; an asymptomatic duodenal ulceration 
developed later in both patients. 

The gastric mucosa! disease in four patients improved coincidental 
with the stabilization of vital signs, resumption of oral diet, and 
evidence of wound healing. Only one patient actually healed this super­
ficial gastric mucosa! disease completely during the two week period of 
observation. Although rapid clinical Improvement was evident in the 
three other patients, their gastric mucsoal abnormalities appeared to 
improve slowly. 

Gastric Hucosubstance Histochemistry 

A change in the mucous protective barrier has been suggested as a 
basis for acute 9astric ulcerations. An alteration In this barrier 
might result from decreased mucou ~ production or a change in the charac­
ter of the mucous produced, thereby rendering the gastric mucous membrane 
more susceptible to damage. Histochemical techniques provid a means of 
studying directly the cells of the gastric mucosa that produce the mucous 
protective barrier. The purpose of this study was to evaluate with histo­
chemical methods the mucosubstance pres nt In the various gastric epi-
thelial cells and to correlate the content of mucosub lane with acute 
ulcerotive disease of the gastric mucosa. 
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Tab le I II 

Incidence of Clinically Significant Complications 
in 32 Thermally Injured Patients 

Tota I No. 
Types of Lesions of Cases Hemorrhage* Perforation Operation 

Erosive gastritis 25 

Duodenitis 23 

Duodenal ulcer 9 

Gastric ulcer 7 

Total complications 

% Incidence 

0 

3 

3 

7 

22% 

0 

0 

2 

6.3% 

*Three or more blood transfusions over 24 hours. 
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T.bte IV 

GASTRODUODENAL LESIONS AFTER THERMAL INJURY 
( 9 PATIENTS) 

TOTAL 
Nl.MBER 

ACUTE GASTRODUODENAL DISEASE 7 ( 78%) 

EROSIVE ''GASTRITIS" 7 

GASTRIC ULCER 

EROSIVE "DUODENITIS" 

DUODENAL ULCER 

NO LESIONS 

2 

2 (22%) 

9 (100%) 
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Table V 

GASTRIC HUCOSUBSTANCE HISTOCHEMISTRY 
AFTER THERMAL INJURY 

(g PATIENTS) 

NUMBER 

ACUTE GASTRIC LESIONS 

NO LESIONS 

+ • 3 - ~+ GRADING 

0 • 0 - 2+ GRADING 

7 (78t) 

2 (22 %) 

d79< 

SUPERFICIAL 
CELLS 

+(7/7) 

+(7/7) 

CHIEF 
CELLS 

0 (7/7) 

9 (7/7) 
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Nine patients with a mean a~e of 28 y ar nd a mean burn ize of 
56 were studi d by fiberoptic gastroduodenoscopy and gastric biopsy. 
Gastroduodenoscopy was performed on all patients within five days post 
burn. Under direct vision, biopsies were taken from areas of intact 
mucosa in the body of the stomach. Sections of each specimen were ~tained 
with hemotoxlyn and eosin for morphologic examination and wi • h histo-
ch mical n~thods for visualizing and differenti ting carbohydrate 
s cretions of the stomach. The histochemical methods included the alcian 
blue (pH 2.5) periodic acid S hiff (PAS) method of Howry and Winkler nd 
a sequency of an aldehyde fuchsln fol lowed b')' alcian blue at pH 2.5 and 
azure A at pH 4.5. The surface epithelium in mucous neck cell were 

valuated particularly with the alclan blue - PAS sequenc whi ,h colors 
neutral mucosubstance red and acid mucosubstance turquoise. The chief 
cell were appraised mainly with the aldehyde fuchsin - alcian blue 
sequence which stains sulfated mucosubstance purple. Specimens were 
coded without knowledge of the endoscopic findings and mucosubstance was 
graded semi-quantitatively (0.4+). 

Gastroduodenal lesions were present on initial endoscopic examina ­
tion In 7 of 9 patients (78%). The pectrum of gastroduodenal disease 
apparent endoscoplcally Included superficial gastric mucosal lesions in 
all seven, gastric ulcer In one, superficial duodenal mucosa! lesions In 
thr~e and duodenal ulcer In two patients (Table IV). 

The gastric blopsfes revealed normal staining of neutral and acidic 
mucosubstance In superficial and deep foveola cells; however, chief cells 
were depleted of the Ir sulfated mucosubstance In al I samples (Table V). 

ION FLUX ACROSS THE GASTRIC MUCOSA 

A protective gastric mucosa! barrier has been described and doc~ment­
ed by Davenport. I The t·pithel ial eel Is of the gastric mucosa have been 
described as the true ba rler. Disruption of the gastric mucosal barrier 
(GHB) has been documente, In critically ill patients and Is believed to 
reflect poor vascular perfusion and subsequent mucosa! lnjury. 2 This is 
said to result in Increased permeability of the gastric n1.1cosa t hydrog~n 
Ion which In turn may lead to progressive mucosa! da~~ge and th~ develop­
ment of 11stress11 ulcerations. In order to define the possible pathogenic 
Influences for the development of ga troduodenal lesions after thermal 
Injury, a study to determine the status of the GHB after thermal Injury 
was Instituted. 

Determinations of the permeability of the gastric mu,o a in thermally 
Injured patients were performed concurrently with the serial s tudy of 
gastroduodenal mucosa! changes as determined by endoscopy. The technique 
utlllz d for determination of GHB integrity nd ion flux Involved changes 
In the ratio of lithium/PEG (polyethylene glycol - a nonabsorbable mark r) 
over an stabllshed time period. Lithium has be n document d to diffuse 
across the gastric mucosa In a logarithmic r I tlon to hydrogen ion nd 
th quotient of th permeability co fflclents of lithium nd hydrog n ar 
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constant In a variety of experimental conditions that Increase na,cosal 
per abllity.3 The LI/PEG changes reflect only the back diffusion of 
lithium from lumen to mucosa because lithium Is neither secreted nor 
neutral I zed. 

A dobule lumen nasogastric tube was positioned to allow free aspira­
tion of gastric contents after an overnight fast. Gastric contents were 
aspirated and the stomach was washed by three instlllatlons and withdraw­
als over one hour of 200 cc of an !so-osmotic baseline solution containing 
140 mEq/L HCL, 10 mEq/L NaCl, 5 mEq/L LICI and I gram/L of PEG. After 
the one hour wash and equlllbratlon, 200 cc of the same solution was 
instilled and mixed. At one minute, a baseline 30 cc sample was with­
drawn. After a 15 minute flux period the gastric contents were removed 
as a final sample. The test period was repeated and all samples were 
analyzed for concentrations of hydrogen, lithium, sodium, potass'um and 
PEG. 

Ion fluxes were Inferred by changes In the ratio of Li/PEG over the 
15 minute test period. The change In LI/PEG ratios for each patient 
study were averaged. An Increase In the ratio change represents a 
positive Ion flux (net gain of lumlnal ion) and a decrease In the ratio 
represents a negative flux (net loss of lumlnal Ion). Lumlnal volume 
changes, pyloric losses, and duodenal reflux do not change the ratio of 
LI/PEG. 

To establish the validity of this determination of gastric mucosal 
permeability, seven male adult volunteers with no previous history of 
gastrointestinal disease underwent 29 periods of testing as described 
per~lously. After establishing control values, four of the same 
volu teers underwent 17 periods of testing utilizing the same test 
solution with the addition of acetylsalacylic acid (20 nwn ASA). The 
concentration of ASA utilized h~s been previously documented to disrupt 
the GHB in humans and produce an Increase In lithium and hydrogen back 
dlffuslon. 4 A:1alysis of the data revealed the presence of lithium back 
diffusion after testing with ASA test solution. The difference between 
the values for control (ffl('an change LI/PEG•+ .15t .04) and ASA test 
period (mean change L1 /f ::G • + .08 '! .03) was significant statistically 
(Pless than .01). Ba~k diffusion of hydrogen and lithium has been 
documented to be a normal characteristic of the gastric ,_,cosa; however, 
the methodology for determining lithium flux In our hands consistently 
gave positive flux values In the control situations Indicating no b~~k 
diffusion and representing gastric PEG ,1 orptlon despite a prior one 
hour wa!th. This test however, does docu,oent the negative net flux of 
lithium when the GHB Is disrupted as evidence by the ASA test group. 
Since the purpose of the study was to determine whether GHB dl~ruptlon 
was a factor related to gastric mucosal changes after t, rmal lnju1y, 
the data from patient studies were analyzed as to the p '!Se,,ce or 
absence of GHB disruption. 

Twenty-five thermally Injured patients (23 male and 2 femal ) with 
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an age range of 16-71 years (mean age of 34 years) were studied. Burn 
size ranged from 34% to 90% total body sur.face with the mean burn size 
being 58%. It was possible to evaluate tt,e physical status of the gastric 
mucosa at autopsy In 18 of the 25 patients. 

Based on the lithium flux test, the 18 patients were divided Into two 
groups of I) GHB dl~ruptlon or 2) normal GHB. Ten patients revealed a 
normal GMB; however, 7 or the 10 (70%) demonstrated gastric mucosal lesions 
by endoscopy. The spectrum of mucosal disease Included superficial areas 
of erythema, mucosa) hemorrhage, discrete erosions, and acute gastric 
ulcerations. Of the eight patients with disruption cf the gastric mucosal 
barrier, six demonstrated gastric mucosa) lesions. Seven of the eight 
patients with disruption of the gastric mucosal barrier (87.5%) developed 
gastric bleeding, perforation or progression of the mucosal disease on 
serial endoscopic examinations (Table VI). Two of the ten patients with 
normal gastric mucosal barr'ers manifested endoscopic progression only. 
Progression of gastric le!l. •ns was defined as I) an Increase in the number 
and distribution of lesions 2) the appearance of distinct new gastric 
lesions as manifested usually by progression to definite mucosal ulcer­
ations, or 3) a clinical catastrophe such as gastrointestinal bleeding or 
perforation of an existing lesion. Significant bleeding was defined as a 
necessity for 3 or rrore units of whole blood over 24 hours to stabilize 
vital signs and maintain the hematocrlt. 

Conversely, if the patients are Jivlded Into those who manifested 
progression of disease and those who demonstrated no progression, we can 
determine If the relationship between disruption of the GHB and progression 
of mucosa) disease still exists. There were 9 patients in each group. 
Studies of the GHB in patients who manifested progression revealed a mean 
LI/PEG ration change of -.05; however the GHB In patients with no pro­
gression of gastric disease revealed a mean LI/PEG rat:o change of 
+.24 (Table VII). 

SUMMARY AND CONCLUSIONS 

Gastroduodenoscopy indicates that damage to the sastrlc and duodenal 
mucosa occurs soon after thermal Injury in rrost patients (86%) with 
greater than 35% total body surface burn. The early occurrence, morpho­
logy and histology of the lesions suggest that mucosa! lschemla Is a 
primary etiologic factor. The proximal duodenum Is Involved almost as 
frequently as the gastric mucosa. Deeper, ulcerative lesions develop 
later In areas of intense, early mucosa I Injury: Severe 

1
gastrlc and 

duodenal abnormalities frequently coexist without cllnlcel signs or 
symptoms. Subsequent changes of the irlj u red mucosa depend ma In I y upon 
the patient's subsequent clinical course. 

Gastric mucosa! disease was encountered despite normal quantities 
of superficial and deep cellular mucosubstance. This finding would 
suggest that loss of the gastric mucous protective barrier i~ not an 
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NEGATIVE 
LI/PEG 

POSITIVE 
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8 
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Table VI 

GASTRIC HUCOSAL BARRIER DISRUPTION 
72 HOURS AFTER THERMAL INJURY 

PROGRESSION 
GASTRIC LESIONS GASTRIC DUODENAL 

6/8 7/8 2/7 

7/10 2/10 4/10 

:i8J< 
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Table VII 

PROGRESSION OF GASTRIC LESIONS 

PROGRESSION 

NO PROGRESSION 

NO. 

9 

9 

LI/PEG 

- 05 

+ .2~ 
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important etiologic factor in the development of acute gastric lesions 
after thermal injury. Depletion of anti-peptic sulfated mucosubstance 
in the pepsin producing chief cells may reflect augmentation of pepsin 
neutralization; how,;ver, this depletion of sulfated mucosubstance may 
enhance the potent al for peptic injury to an already damaged mucosa. 

The presence of acute gastric mucosa! lesions in 70% of patients 
with a normal mucosa! barrier suggests that an increased back diffusion 
of hydrogen (H+) ion is not an etiologic factor in the development o 
these early gastric lesions. Gastric mucosa! barrier disruption did 
correlate with endoscopic and clinical progression of mucosa! disease 
which suggests that back diffusion of hydrogen (H+) ion plays a 
contributory role in the progression of this disease and may be a 
useful prognostic index. 
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23, (U) To evaluate the poss lb II ity of util lzing thermal conductivity ~s a means of 
estimating regional gastric mucosal blood flow in the canine stomach as a laboratory 
simulation of the burned soldier. 

24. (U) The study will be performed on mongr~l dogs weighing between 10 and 15 
kilograms prepared with delnnervated gastric pouch. Aminopyrlne clearance will be 
utilized to obtain reference gastric blood flow measurements. A flexible catheter with 
a tip thermistor will be obtained and modifi~d to enable self heating. The thermistor 
tip will be heated above that of "core gastric temperature" and then placed on the 
gastric mucosa to obtain a temperature record. The temperature records wi II then be 
correlated with documented amlnopyrine clearance to determine If the degree of 
cc~I Ing of the tip thermistor correlates with mucosal blood flow. 

25. (U) 73 II - 74 06 A thermistor probe has been obtained and the equipment is 
being calibrated. 
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ABSTRACT 

PROJECT NO. 3Al61101A91C-OO, IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

REPORT TITLE: ASSESSMENT OF THERMAL CONDUCTIVITY FOR MEASUREMENT OF 
GASTRIC MOCOSAL BLOOD FLOW 

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

Period covered in this report: I July 1973 - 30 June 1974 

Investigators: Joseph C. McAlhany, Jr., M.D., Haj, MC 
Arthur D. Mason, Jr., M.O. 
Travis S. Masterson, Jr., M.S. 

Reports Control Symbol MEDDH-288(RI) 

The purpose of this study is to evaluate the use of thermal conduc­
tivity as a means of estimating regional gastric m cosal blood flow. 
A catheter with a tip thermistor is conmerclally available and can be 
m.:>dified to enable self heating. In principle the thermistor tip will 
be hrJated above that of "core gastric temperature" and then placed on 
the gastric mucosa to obtain a temperature record. We propose that 
cooling will occur to a greater degree with increased mucosa! blood flow. 
Initial evaluation will be performed on mongrel dogs weighing between 
10 and 15 kilograms prepared with a deinnervated gastric pouch drained 
0y a large bore Thomas cannula. Aminopyrine clearance will be utilized 
to obtai" gastric blood flow measurement with which to compare thermal 
conductivity. 

Current work is centered on the development of a suitable thermistor 
catheter which can be effectively passed and maneuvered through the 
flbroptic gastroscope. After the development of a suitable catheter, the 
experimental study will be performed to determine the sensitivity and 
reliability ilf thermal conductivlt',' in estimating regional mucosa! blood 
flow. 

St mach 
Thermal conductivity 
Dogs 
Mucosa! blood flow 
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23. (U) To identify the types of pulmonary lesions In burned patients; to define 
their pathophyslology. Study Is relevant to military situation since most burn deaths 
are due to pulmonary disease. 

24.• (U) CJasslfy patients Into inhalation and noninhalation injury. In those with 
inhalation Injury, study serially lung volumes (static and dynamic), flow-volume 
loops, si~gle breath nitrogen tests for closing volumes , static and dynamic compliance, 
and diffusion capacity. Compare with results of xenon scan and broncho copy. In 
noninhalatlon injuries, continue prior work with attention to CO2 r sponse curve, 
better measurem nt of static lung volumes and use of flow-volume loop, single breath 
tests, and cardiac output. 

25, (U) 73 07 - 74 06 Pati ents treated with ilve r nitrat topically hav been 
studied In t~elr early po tburn course, ob erving v ntilatl n paramet rs. Three 
patients were switched to Sulfamylon to det rmine Its ffect . Normal subject w : e 
studied to det rmlne the ff ct of c rbonic anhydrase inhibition. 
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ABSTRACT 

PROJECT NO. 3Al61101A91C, IN-HOUSE LABORATORY lNDEPENDENT RESEARCH 

REPORT TITLE: PULMONARY PATHOPKYS IOLOGIC CHANGES FOLLOWING THERNAL 
CNJURY IN BURNED SOLDfERS 

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

Period covered In this report: I July 1973 - 30 June 1974 

Investigators: Peter A. Petroff, HD, Major, l1C 
Edwin W. Hander, First Lieutenant, MSC 
Arthur D. Mason, Jr, HD 

Reports Cont ro I Symbo I HEDDH-288(R I) 

Seven burned patients treate~ with ~I Iver nitrate dressings 
were studied during the first 10 days after Injury. Minute ventila­
tion, oxygen consumption, and ventllatory equivalent were measured. 
Minute ventilation was Increased two- to three-fold, as was oxygen 
consumption. Ventllatory equivalent was only slightly increased. 
Three patients were Initially treated with silver nitrate and, then, 
when cllnlcally stable, switched to Sulfamylon. They showed a 50 
per cent rise In ventilation, tidal v>lume, ventllatory equiv lent, 
and a slight Increase In respiratory .-•te and In VD/VT. In additi on, 
their P02 Increased and base excess feli. 

Five normal subjects were th~. , given Dlamox, and their minute 
ventllatlon, 02 consumption, and ventllatory equivalent were measured 
at rest, ulth standard exercise, and with an added dead pace. 
Dlamc»( produced only a 25 per~ nt Increase In minute ventilation and 
ventllatory equivalent. The result sugge t that, although some of 
the Increased ventilation of Sulfamylon Is due to carbonic ar.hydrase 
Inhibition, another factor, such as pain, caused by the topical agent, 
also plays a role. 

Shunt 
PV work 
Burns 
Lung Meehan I cs 
Pulmonary diffusion 
Blood gases 
Wounded soldiers 
Ventllatlon/perfuslon 
H"'1ans 

abnormal it I 
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PULH<'~ARY PATHOPHYSIOLOGIC CHANGES FOLLOWING 
. ·1ERPW. INJURY IN BURNED SOLDIERS 

~ny factors have been proposed to explain the hyperventilation 
of the burned patient. The metabo le response to Injury, with Its 
attendant Increased oxygen requirement, pain associated with second 
degree component of the burns, and toptcal therapy dre all factors 
In the complex of hyperventilation. We set out to s parate the 
~nents of hyperventilation by first noting that the ventllatory 
equivalent (I.e., the liters of total ventilation per liter of 
oxygen consumed) was constant for varying steady stat~ oxygen de­
Nnds over a small range (Comroe JH, Physiology of Respiration, 
Yearbook 11ed Pub, Chicago, 1965, pp. 1,2-195),I so that, for a given 
02 consumption, we could estimate excess ventilation or wasted venti­
lation. We then reported earlier studies, using a carbonic anhydrase 
Inhibitor In normals, to quantltate the ventllatory effect of this 
factor. Lastly, we switched patl nts frOffl sllv r nitrate to Sulfa­
mylon when they were felt to be cllnlcally stable, again following 
ventllatory parameters. By doing this, we could separate the com­
ponents of hyperventilation Into: 

I) Increased oxygen consumption 

2) Excess ventilation In s II ver nitrate 

3) Carbonic anhydrase lnh I bit ion 

it) Excess ventilation with Sulfamylon. 

"ETHOD 

Part A 

Seven burned subjects treated with sllver nitrate were studied. 
None was felt to have an Inhalation lnjur;, clinically, and all had 
negative xenon scans. Table I (Group I) shows age, ex, per cent 
total body surface burn, and admission vital capacity, pea flow, 
and flow at 50 per cent vital capacity in Individual patl nts. 
Pulmonarv function tests were performed using an Ohio Model 840 dry 
splrometer. "lnute ventilation, oxygen consu111>tlon, carbon dioxide 
production, respiratory quotient, and ventllatory equivalent were 
measured, using the Douglas bag technique, with a Lloyd valve 
(60 cc dead space). VD/VT, that Is, the dad space t tidal volume 
ratio, was measured with a separate coll ctlon of expl,·ed gas and 
simultaneous arterial blr.,oo gas. The tests were done dally, where 
possible, for the first 10 days postburn. Arterial blood gase 
were measured, using an IL 131 blood gas analyzer; dynamic complianc 
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and pul1110nary resistance were measured wlth a Statham pressure 
transducer and a 12 cm sophageal balloon placed with lts ttp ~2 cm 
from the nares. Pul1110nary mechantcs wer~ assessed In a sitting position. 

Part I 

Five normal subjects, all male, age 19 to 31, were studied. 
"inute ventilation, Oz consumption, carbon dioxide production, and 
ventllatory equivalent were measured at rest, during a standard 
bicycle exercise, and with a 250 cc dead space added. Following · 
three days of Dla111>x, I gram per day, thee studies were repeated. 
Douglas bag technique was again used, but a 100 cc dead space 
valve (Otis Mc:Kerrow with vane) was substituted. 

?art C 

Three burned subjects (age, sex, pul111>nary function In Table I, 
Group II) were studied. Ventllatory Indices were measured dally 
during five days of treatment with 0.5% sliver nitrate soaks and then 
for five days after the patient was switched from sliver nitrate soaks 
to Sulf.-ylon bum cream. Each patient was felt to be clinically stable 
at the ti• of the switch. Patient I was switched on Day 12 postburn, 
Patient 2 on Day 5 postbum, and Patient 3 on Day 7 postburn. 

RESULTS 

Part A 

Table 2 shows the mean minute ventilation, ventllatory equiva­
lent, dead space/tidal volume ratio, and arterial POz for the: pa­
tients. Normal minute ventilation Is 5-7 liters per minute, BTPS, 
the norul ventllatory equivalent for resting subjects Is 25, the 
nor•I VD/VT Is .3-.~. and the normal Pa02 In our laboratory Is 
greater than 80. 

Table 3 shows the PaOz on admission to the unit on Day 3, after 
resuscitation Is essentially complete, and also shows the day and 
value for the l01iest Pa0z recorded during the first 10 days postburn, 
after po tburn Day 3. In addition, A-a0z gradients, while breathing 
100 per cent oxygen, were measured In four subjects In the first 
three days. 

Table~ shows the results In Patient 3. He was a 29 year old 
male, with 58 per cent total body surface burn, In which 3~ per cent 
was third degree. He was Injured In a gas explosion following Ig­
niting the pilot light on a hot water heater. Past history was sig­
nificant In that, at age two, he had bilateral closed chest tube 

:i93< 
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Table 2 

Mean Hean VE VD/VT P02 PC02 
Patient (MV (L/Min) (L BTR/L STP0) Mean Mean Mean 

13,9 ,363 84 .1 34.1 

2 14,7 ,388 76.6 31.0 

3 13,7 30. 1 ,295 81.8 31.3 
• 

4 12. 1 28.2 .447 77,5 33,5 

5 16 .5 33,0 .326 73.3 31.9 

6 14.2 34.2 .413 75,6 35. 1 

7 14.7 33,2 ,473 72,3 32,5 

Hean 14.3 31.7 ,386 77,5 32,8 

~94< 
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Table 3 

A-a o2 (n= < 100) 

Patient Earl lest P02 P02 on Day 3 Lowest P02 PBD (Day 1-3) 

1 78 98 79 6 
) 

2 87 77 69 6 145 

3 83 95 57 7 330 

4 70 76 72 6 300 

5 59 68 54 7 

6 77 83 64 9 
·' 

7 67 74.5 67 2 280 

395< 
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thoracostomles because of pneumonia. He also smoked one pack of 
cigarettes per day. His lungs were clear, and chest x-rays were nega­
tfv~ throughout his hospital course. On Day 7 postburn, he developed 
vlotent vomlt'rng and shivering, and by Day 9 postbu.-n had become mar­
kedly confused wtth a distended abdomen and was felt to be septi~, 
although blood cultures were negative. Minute ventilation was "normal" 
for the first three days, then Increased to about 14 liters per 
minute. At the time he became confused, his minute ventilation 
increased dramatically. Similar increases were apparent in the 
VD/VT and ventilatory equivalent, suggesting that some of the in­
cnased ventilation Is ''wasted ventilation." Yet, at this time, 
the only evident change in pulmonary mechanics was a fall in his 
FRC. 

Patient No. 5 is shown in Table 5, This was a 34 year old 
male with 35,5 per cent total body surface burn, in which 1 per cent 
was third degree. He was injured when he was trapped in his burning 
car. Lungs were clear on admission, as was his chest x-ray. On 
Day 7, he was noted to have decreased breath sounds at the bases, 
and increased vasculature on x-ray. His VD/VT increased, and P02 
fe 11. He hype rvent ii ated marked I,- during this time. Subsequent to 
Day 12, he developed a right lower lobe infiltra e and was felt to, 
have had a pulmonary infarct on the basis of macroaggregate albumin 
lung scan, which showed defects In perfusion in areas other than the 
area of the Infiltrate. 

Part 8 

Table 6 and 7 show the results of Part 8. Minute ventilation 
Is In liters BTPS, 02 consumption in liters STPD. As can be seen, 
despite the doubl Ing of the oxygen consumption with exercise, ven­
tllatory equivalent did not change, either In the Diamox or no 
Diamox studies. In addition, the oxygen consumption was very nearly 
the same in the Diamox and no Diamox study, so that minute ventila­
tion can be compared between these two groups of studies. As can 
be seen, Diamox consistently produces an increase in minute ventila­
tion despite the initial condition, I.e., a 36 per cent increase at 
rest, I~ per cent increase with added dead space, 27 per cent in­
crease with exercise, and 17 per cent increase with exercise and dead 
space. A similar effect on ventilatory equivalent is noted with Dlamox 
(a 29 per cent increase at rest, a 16 per cent increase with dead 
space, 23 per cent Increase with exercise, and a 15 per cent increase 
with exercise plus dead space). Lastly, all effects were found to be 
additive. No interaction between experimental conditions could be 
found, ~97< 
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Table 6 

! 
I Olamox No Oiamox 

Rest ,xerclse Rest Exercise 

NOS OS NOS OS NOS OS NOS OS 

HV 7.55 9.9 16.19 18.50 5.53 8.62 12. 72 I 5. 77 

V02 .238 .251 .517 .lt87 .227 .250 .506 .481t 

VE 31 • 71 40.67 30.96 38.41 2ft. 51 34.93 25. 11 33.27 

RQ ,795 .11to . 747 .784 .793 .758 .783 .835 
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Table 7 

HV VE 

Diamox +2.39 L/min +5,97 L/L02 

Exercise +7 .88 L/mln No effect 

Dead Space +2. 72 L/min +8.73 L/L02 

All effects additive; no interactions 

400< 
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Part C 

Table 8 summarizes the results of this part of the experiment. 
Each number Is the mean of dally values for five days before and 
after changfng topical therapy from 0,5 per cent AgN03 soak to Sulfa­
my1on burn cream. As can be seen, minute ventilation increased 59 
per cent, ventl1atory equivalent ~1.5 per cent, VD/VT 27 per cent. 
Host of the effect on ventilation was due to an Increase In tidal 
volume. That these changes were not due to pulmonary disease Is 
suggested by a concomitant rise In Pa02, 

Table 9 shows the results In Patient 2. It is of lntP.rest that 
on the afternoon of the second day of Sulfamylon therapy e became 
dyspnelc and orthopnelc. Although he had no rales and h,s chest x-ray 
was clear, he Improved dramatically after a diuretic to the extent that, 
by the following morning, he was asymptomatic. It Is also of Interest 
that he had a severe restrictive disorder at the time of admission 
which persisted, although Improving at the time of discharge. 

Tables 10 and 11 show res.:lts in the other two patients in this 
group and Illustrate how cons'stent the results were. There was 
essentially no change In pu1monary function associated with the change 
of topical agents. 

DISCUSSION 

This study documents that the uncomplicated burn patients have 
a minute ventilation twice that of healthy normal subjects. In 
addition, the vent11atory equivalent Is increased, suggesting that 
a portion of that hyperventl lat Ion Is '!wasted vent I lat Ion." When 
the patient Is placed In Su1famy1on, his ventilation increases another 
50 per cent, due largely to an Increased tidal volume associated with 
a further increase In ventllatory equivalent and dead space/tidal 
volume ratio. 

The cause of the hyperventilation I~ In a large part due to the 
increased metabol le demands of 'the burn patient. The oxygen con­
sumption in the burn patient has been shown to be as much as twice 
basal levels; but exercise, causing a rise In 02 consumption to the 
same extent, did not produce a rise In ventl1atory equivalent in 
our normal subjects. There then appears to be a component of 
'\,,asted vent I latl~" In the uncompl teated burn patient. This may 
be due to pulmonary disease, blood volume changes, or psychogenic 
factors. 

401< 
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Table 8 

Effect of Sulfamylon 

(Three Pat I ents) 

BE P02 "" TV VD/VT OS VE 

Before +3 79,lt 14.65 .633 ,395 .227 32. 10 

After -2 .6 93,5 23,36 ,984 ,503 .422 45.43 

Per Cent 
Change 18 59 55 27 86 41.5 

402< 
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All patients with a hlstnry of actlve lung di ease or clinical 
findings suggestive of Inhalation Injury were excluded f rom the 
study. In addition, xenon scans were negative, and all admission 
chest x·ray~ were negative. Never t ha less, two of the nine patients 
had 11restrlctlve disease," as evidenced by decreased vital capacities 
wlth flow rate~ appropriate to thei r vital capacity. In addition, 
the mean Pa02 was low In all but two patients and the mean A-a02 
gradient on room air was 30, Indicative of a fairly severe ventilation 
perfu Ion abnormality {Kays EH, Chest 63:793-799, 1974) .2 Four of the 
patients had A·a02 gradients measured between Day I and 3 and three 
of these were markedly Increased, lndlcat Ing "shunt Ing" was present. 
Whether the ventilation/perfusion ratio abnormalities were due to 
pulronary disease or changes In pulmonary perfusion, they could 
account for the wasted ventilation. 

The patients all had some pain and two patients had evidence of 
psychiatric problems as well, and these may have been contributing 
factors. 

Sulfamylon and Its metabolic product are carbonic anhydrase 
inhibitors and, as such, cause renal bicarbonate wasting, which may 
lead to a metabolic acidosis (White HG, Asch HJ, New Eng J Med 284:1281-
1286, 1971).3 The three patients switched from silver nitrate to 
Sulfamylcn showed the expected fall in base excess, but their 
arterial rH remained above 7.4. Nevertheless, they showed ventila-
tory changes similar to those seen in the normal ubjects given 
carbonic anhydrase Inhibitors {Tomashefshi JF, Chinn HI, Clark 
RT Jr, Ant J Physlol 177:451, 1954; Chiesa A, Stratton TB, 
Kassoud AAE, H~II JBL, Clin Sci 37:689-706, 1969; Carter ET, 
Clark RT Jr, J Appl Physlol 13:42•46, 1958; Doyle D, Harri EA, 
Slawson KB, Brit J Pharm 22:228·237, 1964),4·7 although the changes 
were much more marked. 

Carter tnd Clark {Carter ET, Clark RT Jr, J Appl Physlol 13: 
42-46, 1958)6 suggest that the hyperventilation Is due In part to 
Increased tissue stores of co2 resulting from the inhibition of 
the H+ and HC03- • co2 + H20 reaction. The hyperventilation in­
creases th~ CO2 gradient from blood to alveoli by lowering the 
alveolar CO2. Ho.ever, Chiesa, et al (Chle a A, Stratton TB, 
Kassoud AAE, Hot,i,ell JBL, Clln Sci 37:689-706, 1969)5 have hown that 
the ventllatory changes could be mimicked by giving an alll'll)nium 
chloride load and have suggested that the metabolic acldosl i the 
more Important factor. If this is the case, It appears that the 
burned organism behaves as If a pH of 7.45-7.50 Is the xpect d pH 
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and that a lower pH rasults In hyperventilation and wasted ventlla· 
tlon. 

The complications of a prolonged hyperventilation at rates two 
to three times normal are unkn~. Acute hypercapneic hyperventlla­
tlon produces an ln~reased flow resistance (Newhouse HT, Becklake 
HR, Macklem PT, McGregor , J Appl Physlol 19:745-749, 1964)9 In 
humans, and decreased compliance, Increased airway resistance, and 
ventllatlon/perfuslon abnormalities In anesthetized dogA (Honkcom 
W, Patterson RW, J Thor Cardlov Surg 63:577-584, 1972). In addl· 
tlon, It 1nay be expected that, since the pressure-volume curve of 
the lung Is slgmoldal In shape, further Increases in tidal volume 
(as may occur In sepsis) will result In marked increases in the 
work of breathing. This could be aggravated still more if the 
patient has pneumonia, shock lung, or pulmonary edema, In which the 
1 ungs are I ess co. , II ant. · 

We would suggest that, in the patient being treated with Sulfa• 
mylon, ventilation In excess of 25 L/mln is highly suggestive of a 
secondary underlying disease such as sepsis, an acute abdomen, etc., 
and that simply changing the topical agent may result in a sig­
nificant decrease in ventilation. 
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ABSTRACT 

PROJECT NO. 3Al61101A91C·OO, lN-HOUSE LABORATORY INDEPENDENT RESEARCH 

REPORT TITLE: INHALATION INJURY: DEVELOPMENT OF AN ANIMAL HODEL OF 
PULMONARY li~JURY AS IT OCCURS IN BURNED SOLDIERS 

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

Period covered in this report: I July 1973 - 30 June 1974 

Investigators: Peter A. Petroff, HD, Major, HC 
Edwin W. Hander, First Lieutenant, HSC 
Arthur D. Mason, Jr., HD 

In order to establish an animal model of inhalation injury, goats 
were exposed to smoke of a burning mattress for 10 to 15 minutes. 
Xenon washout was prolonged, Pa02 fell, as did the sum of Pa02 and 
PaC02, and C dyn decreased. In one ~xperiment, a severe metabolic 
acidosis occurred. To date, however, there have not been any patho­
logical changes. Further work is b4:ing proposed. 

Smoke inhalation 
Pulrronary . 
Goats 
Animal model 
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INHALATION INJURY: DEVELOPMENT OF AN ANIMAL HODEL OF 
PULMONARY INJURY AS IT OCCURS lN BURNED SOLDIERS 

Acute pulmonary damage due to inhalation of smoke occurring during 
a fire continues to be a major problem in the burn patient. In order 
to gain an understanding of the pathophysiology of this disorder, we 
are developing an animal model of this disease. Goats are exposed for 
a short period of time to smoke from a burning mattress. Since they 
are in a separate chamber, 8-10 feet from the fire, they Inhale the 
noxious gases but do not sustain a cutaneous burn. During this period, 
we have conducted three such exposures. 

In the first exposure, five tracheostomized goats were used. Blood 
gases and dynamic compliances were measured preburn. Blood gases were 
measured again at 10 minutes postburn and 24 hours postburn. C dyn 
was measured at 3-8 hours, 20 hours and in two goats at 42 hours (see 
Table 1 for results). Three goats were sacrificed at 20 hours and the 
other two at 42 hours. All showed tracheitls related to the tube and 
only one goat showed more peripheral changes consistent with an inhala­
tion injury. 

In the second exposure, eight untracheostomized goats were used. 
Again blood gases were measured but, since a tracheostomy was not used, 
compliance was not measured. All the goats dev~loped a metabolic aci­
dosis and in all but one Pa02 fell. In all the goats, the sum of Pa02 
and pC02 fell, indicating ventilation perfusion abnormalities. Four 
goats had xenon scans. In one, the scan was clearly positive and in 
two was suggestive of inhalation injury, There were no pathologic 
findings at postmortem In any goat (see Table 2). 

Lastly, the preceding experiment was repeated. In addition, 
serum lactate and pyruvates were measured and xenun scans were don~ 
pre- and post Injury. In one goat, the pre-exposure scan was in­
adequate. Pathology is not completed as yet. In thi experiment, the 
exposure was much less satisfactory from the standpoint of concentra­
tion of noxious agents. The goats did not develop a metabol le acidosis 
the serum lactate increased, and the lactate pyruvate ratio remained 
constant. Pa02 fell as before, as did the sum of Pa02 and PaC02 
(Table 3), Pathology was grossly neg~tlve. Four of the goats received 
atropine pre-exposure but did not differ from the other four. Excre­
tion of xenon was delayed in all sev~n studied at four hours or 28 
hours. 

From these three experiments, it appears that noxlous gases induce 
an imnediate disturbance in ventilation/perfusion rate and prolonged 
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Table I 

Dynamic Compl lance 

Pre 3 Hours 8 Hours 20 Hours 42 Hours 

. l 54 .109 . 128 

. I 34 .122 .137 

• 117 ,034 ,092 

. 125 .047 • I 34 . 169 

. 173 .137 .050 

Pre 10 Hin. Post 20 Hours Post 

P0 2 63.2 44.4 73.8 

pC02 32. 6 33,9 34.8 

pH 7.441 7,418 7.483 
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P02 

pC02 

pH 

B.E. 

Al I Eight Goat s 

Hemoglobin (gm) 

02 Saturation (%) 

co(%) 

Table 2 

Blood Gases 

Pre 10 Hin. 

82.2 

35.2 

7.378 

-3 

69.7 

21.2 

7.319 

-14.0 

13.0 

64.9 

29. l 

(Six Goats) :': 

2 Hours 4 Hours 

76.7 69.7 

32.3 35.2 

7.448 7.443 

-1/2 0 

1,rwo goats sacrificed at eight hou r~ no incl dl' . 

413< 

8 Hours 24 Hours 

75.8 71.5 

32.8 3 . 7 

7 .471 7.468 
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washout of xenon. However, the severe tracheltls seen In human 
patients with Inhalation lnjury ~•snot observed, and the disease 
was not lethal when the exposure was only 10--15 mlnute4. The goat, 
because of hfs long trachea, may have• greater dead space/ttdal 
volume ratio than humans and, by hyperve.ltllattng at low volumes, 
may suffer hypoxemla wl thout getting the full-blown disease of' in­
halation Injury. 

We plan to continue the experiments but will try using a trache­
ostomy during the exr.sure only (so that we can avoid the problems of 
prolonged Intubation. If we are then successful In producing patho­
logic changes In addition to hypoxemla and prolonged washout, we will 
evaluate steroids In treating the disorder and will again measure 
Indices of pulmonary function, I.e., tidal volume, ratio, compliance 
and resistance. 

PRESENTATIONS AND/OR PUBLICATIONS 
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ABSTRACT 

PROJECT NO. 3A161101A9 C-00, IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

REPORT TITLEs EXCISION OF THE ESCHAR IN BURN SOLDIERSs TH£ USE OF A 
CARBON DIOXIDE LASER IN THE DEBRIDOIENT OF THIRD DEGREE 
BURN ESCHAR 

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

Period covered in this report: I July 1973 - 30 June 1974 

Investigators& Norman S. Levine, HD, Major, HC 
Roger E. Salisbury, HD, Major, HC 
Basil A. Pruitt, Jr., HD, Colonel, HC 

Reports Control Symbol HEDDH-288{RI) 

The purpose of this study has been to investigate t he use of a 
carbon dioxide laser with a view towards minimizing blood loss in 
surgical excisions in thern-.lly injured soldiers . Symnetrical excisions 
have been performed on patients who are candidates for excision, 
comparing laser excisions either scalpel or electrocautery excisions from 
the standpoint of blood loss, time for excision, and graft take. The 
burn wounds of 10 patients have been excised using the laser. Laser 
excision~ involved less blood loss and less operative time than did 
scalpel excisions . Although the laser excisions involved less blood loss 
than the electrocautery, this difference was not impressive. The 
electrocautery, on the other hand, usually required less opera fve time 
than did the laser; however, this difference was also unimpressive . 
Evaluation is being continued . 

Cryosurgery 
Liquid nitrogen 
Laser 
Escharotomy 
Excision 
Escher 
H1.1n~ns 
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EXCISION OF THE ESCHAR IN BURN SOLDIERS1 THE USE OF A 
CARBON DIOXIDE LASER IN THE DEBRIDEMENT OF 

THIRD DEGREE BURN ESCHAR 

Surgical excision of third degree burns and inmediate grafting 
offers an attractive means of removing the burn eschar and the possibility 
of a shortened convalescence. The major problems with this technique are 
twofolds (1) It requires a surgical operation under anesthesi1; (2) this 
procedure involves massive blood loss (up to 40 units of blood for 1 

single p1tient). 

We have been able to minimize such blood loss experimentally by 
excising the eschar with a continuous wave (10.6 micron wave length) 
carbon dioxide laser instead of the scalpel; bleeding is minimized because 
of photo-coagulation of the small blood vessels. Experiments carried 
out in three month old Hampshire-Landrace pigs indicated th1t third degree 
eschars can be excised safely anc.1 effectively with 30% of the blood loss 
incurred with a cold knife excision. Although minimal injury did occur 
to the underlying tissue, this did not effect the "take" of split 
thickness skin grafts inwnediately app ied to the freshly lased surface. 
Preliminary data in patients has suggested that using the laser can 
effectively reduce blood loss over that incurred by using the scalpel. 
Graft take appeared to be comp1rable to that obtained in a similar area 
undergoing scalpel excision. The purpose of this study is to evaluate 
the efficacy of the laser for excising third degree burns in patients 
compared to cold knife and electrocautery excisions of burn! of similar 
depth, area, and location on the same patient . 

METHODS 

Patients selected for this study have symnetrical burns shown to be 
third degree by both clinical an~ histologic evidence. All laser 
excisions were performed in ,he operating room under clean conditions. 
Plate glass spectacles or ordinary corrective lenses have been worn by 
the surgical and anesthetic teams to protect their eyes from the infrared 
laser beam. A safety inspection of the laser was made by both the 
Environmental Hygiene personnel and by the Engineering Corps A sterile 
vacuum cleaner nozzle was used in conjunction with the laser to clear 
away the "plLme fragmentation" or smoke caused by photovaporization of 
the tissue . Signs designating "laser in use" were posted outside \ne 
entrance to the Operating Room. Non-explosive 1.,esthetic agents were 
used 

Preoperative photographs wr.re taken from the areas chosen for both 
laser and scalpel excisions. During excision, blood loss was monitored 
by collecting and weighing sponges and towels used to drape th patient. 
The time required for 111 excisions W3~ clocked. Inmediately following 
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excision, photographs of the eschar and underlying base were taken. 
Quantitative bacterial counta were taken both pre- and post-excision from 
the eschar to be removed (preopcratively) and from the underlying base 
(postoperatively). Calculation of blood loss in terms of ml per cm 
square and speed of excision in terms of cm square per mi ute were made. 

RESULTS 

Comparisons of laser versus scalpel ~xcisions have been Nde in four 
patients. Table I includes the data concerning operative time and blood 
loss for these excisions The scalpel excisions entailed from 3.3 to 
S.3 times as much blood loss as did the laser excisions . Although this 
is not statistically significant, because of the small number of patients 
studied, ft does suggest that the laser excision is associated with 
considerably less blood loss than scalpel excision. Operative time was 
1. ) to 2.0 times longer when the scalpel was used. 

Table II lists the data on blood loss and operative time when the 
laser was compared to the electrocautery in six patients. In general, 
blood loss was less when the laser was used. Statistical analysis of 
this data suggests that the electrocautery blood loss was roughly I.S 
times greater than laser blood loss within 9S% confidence limits. 
Although this is• significant reduction in blood loss, ft is not 
dramatic . Regression curve analysis of operative time, indicates that 
electrosurgical excisions proceeded I 36 times as rapidly as did laser 
excisions, within 9S% confidence limits. This difference, likewise, is 
not very impressive. 

When split thickness skin grafts were applied to the freshly lased 
surfaces, graft take was excellent, and entirely comparable to that 
achieved with either scalpel or electrocautery excisions. In 1Uny cases, 
''biologic dressings" were used to cover the freshly lased surface. The 
adherence of such dressings was excellent. 

In our opinion, the optics, and beam-delivery system of the American 
Optical laser are excellent. The focal point is extremely fine (less than 
I nm in diameter) and the power of the laser beam is very adequate. On 
larger planar surfaces, the laser h1ndles well, and the speed of excision 
appears to be limited only by the surgeon's capacity to control the laser 
beam Damage to the underlying tissue always appeared to be minimal. 
However, most of our excisions involved long, cylindrical surfaces, such 
as the arms or legs. In working in smal I crevices or on the undersu• ~.,ces 
of these structures, the surgical arm of the laser was quite awkward to 
handle and is primarily responsible for the reduced operative peed of 
laser excision. We feel that the design of the surgical arm is in need 
of improvement. 4i9< 
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CONCLUSIONS 

Our data suggest that the carbon dioxide 1aser may offer a sub­
stantial advantage over the co1d knife for surgical exc1s1ons. Blood 
loss with the laser is 1ess than one-third of th.at which occurs when 
the scalpel is used. Operative time likewise appears to be 1ess with 
1aser excisions than with scalpel excisions. Comparison of the 1aser 
to the cutting e1ectrocautery suggests that, at present, there is no 
substantial advantage of using the 1aser rather than the e1ectrocautery. 
Although 1aser excision caused less b1ood 1oss than did the e1ectro­
cautery, this difference was not dramatic. The e1ectrocautery, on the 
other hand, usua11y required 1ess operative time than the 1aser; however, 
this likewise was significant but not impressive Our experience 
suggests that the awkward surgical arm of the laser is at present the 
limiting fact~r in developing this as a clearly useful clinical technique. 
It is suggested that this surgical arm be redesigned. Evaluation of the 
laser is being continued. 
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2'4. (U) Recent laboratory data suggests t hat many of the beneficial effects of 
cutaneous allograft are related to the structural characteristics of skin and not to 
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toward producing an artificial skin with such membrane ch,,racteristics. 

25. (U) 73 07 - 7'4 !>6 Extensive testing of materials for a bi-lamlnote "artificial 
skin" have been per formed. A suitable structure for the "inner layer" of this 
laminate has been found. Suitable membranes for the "outer layer 11 are being tested. 
Appropriate animal test models for the in vivo evaluation of such a product 
developed. 
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Recent laboratory data suggest that many of the beneficial effect~ 
of cutaneous allograft are related to the structural characteristics of 
skin and not to viability per se. Such evidence includes our demonstration 
(I) that fibroblastic tissue will grow into artificial 11membranes; 11 (2) 
that "Cover,:1ge of an excised wound with a variety of 11membranes 11 promotes 
survival of rats with large area excision over survival of rats excised 
but not covered; and (3) that reversal of intraperitoneal Pseudomonas 
mortality in burned rats occurs by excising the burn wound and covering 
the underlying tissue with formalin-fixed skin, which is non-viable. 
Technics have been developed to aid in evaluating an artiticial skin with 
the beneficial effects of cutaneous allograft. Extensive testing of 
materials for a bi laminate "artificial skin" has· been performed. Many 
of the convnercially available products were found to be unsuitable. An 
adequate structure for the "inner layer" of this laminate has been found. 
Membranes for the "outer layer" are being tested. Appropriate animal test 
models for the .i.!!. vivo evaluation of such a bi laminate have been developed. 

Cutaneous xenogra ft 
Wound cover 
Laboratory animals 
Humans 424< 
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CONTINUED EVALUATION Of SPLIT-THI.CKNESS CUTANEOUS XENOGRAFT AND SYIHHETIC 
. MATERIALS AS TEMPORARY BIOLOGIC WOUND COVERS FOR BURNED SOLDltRS 

The purpose of this study is to evaluate different forms of cutaneous 
xenograft and artificial wound covers which would be less expensive than 
the currently available forms, guaranteed sterile, indefinitely shelf 
storable, and stl.11 effective as temporary biological wound covers for 
combat burned casualties. 

Recent laboratory data suggest that many of the beneficial effects of 
cutaneous allograft are related to the structural characteristics of skin 
and not to its viability per se. Such evidence includes our demonstrations 
(I) that flbroblastic ingrowth can be achieved into artificial 11membranes; 11 

(2) that coverage of the wound with a variety of 11membranes 11 promotes 
survival of rats with large area excisions over survival of rats excised 
but not covered; and (3) that intraperitoneal Pseudomonas mortality Is 
reversed in burned rats by excising the eschars and covering the underly­
ing tissue with formal in-fixed skin. 

Technics have been developed for evaluating an artificial skin 
substitute which permits a closed adhe rence to the wound, fibroblastic 
ingrowth, and which has the desirable membrane characteristics of fresh 
cadaver allograft. Our approach has been twofold: first, we evaluated a 
large number of commercially available products, and described the 
advantages and drawbacks of each; second, we evaluated components for a 
bi laminate artificial skin with an "inner layer" to permit fibroblastic 
ingrowth and an "outer layer" to provide the desirable membrane character­
istics. The results of our testing are pr~sented In this report. 

METHODS 

All materials were tested on 180 to 200 g Sprague-Dawley albino rats 
anesthetized with Pen t athol with 20% dorsal wounds excised to t~e deep 
fascia. All dressings were maintained in place with metallic clips, 
although in some cases this was not necessary. Evaluation of all dressings 
was made in terms of: (1) initial adherence; (2) conformation to the 
wound; (3) adherence at 5 days: · {4) seperatlon underneath the membrane; 
and (5) fibroblastic ingrowth. In addition, those materials which showed 
promise as inner layers were tested for the allowance of fibroblastic 
ingrowth by placing the thinnest possible layer of this material on a 
freshly excised fascial surface and covering this layer with multiple 
layers of coarse mesh gauze, to absorb wound drainage. finally, the most 
promising of these "Inner layers" was tested in the form of multiple 
layers to determine the optimal thickness of a "inner layer 11 or scaf­
folding surface for the artificial skin. 

In addition, a number of membranes were tested with regard to their 
behavior as possible 11outer layers" for an artificial skin. Only ga s ­
permeable and water-impermeable membranes were tested. These were tested 
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as bacterial filters. Each membrane was gas-sterilized and placed on a 
sterile petri dish. To this a broth culture was applied containing beta 
hemolytic streptococci, Staphylococcus aureus, Pseudomonas aeruginosa, 
klebslel la aerobacter, and Providencia stuartl l. Each organism was present 
in a density per cc of broth of 108 organisms per ml. Each membrane was 
tested twice: once witt, '.! cc of this organism mixture, and once with 2 cc 
of the organism mixture and 2 cc of human serum, as a wetting ag nt. The 
petri dishes were evaluated for growth or no growth of organisms, thus 
reflecting the efficacy of these membranes as bacterial filters, at one 
atmosphere pressure. 

RESULTS 

I. Initial testing of artificial skin. 

Table I list our findings for the artifi-:ial skin components. 
The following paragraphs contain a more detailed description of the 
materials evaluated. 

The first material evaluated was the Edwards silastic-gauze dressing 
which has been proposed as a synthetic wound cover. This dressing consists 
of an outer layer of si lastic and an inner layer of coarse mesh ga uze . 
The initial adherence of this material was excellent. It conformed well 
to the wound and did not require sutures to keep the dressing in p l ace . 
At the end of 5 days, however, though the adherence was still f ai r. t he re 
was considerable pocketing of serum between the fascia! surf .ce an : th~ 
silastic membrane. These pockets did not appear to be infec ed. mil a rly, 
there was very little tissue response to tht.' material. Alt h h 
were copious arrounts of serum underneath the dressing, the re , s 
evidence of suppuration underneath the dressings . There va , 1 • 
no evidence of fibroblastic ingrowth. 

The second group of artificial dress:ngs tested cons iste of t •. 
d iffe rent thicknesses of collagen membran~, provided wit h and ~ i h ut an 
i ert "outer layer " membran~ . All of these were quite si mil a r in b vi o r , 
and therefore no distinction between these four dres sings i l l be m in 

ummarizlng the report. They are 1 isted in Tabl e I a Ph - , Ph - b , 
d Ph-d. Their initial adhe rence to the vJOun d was p or . They di J 

conform well to the wound. Each dressing required metal i s t on 
in place. At 5 days the adheren e rem ined poor. r hes dr si ng 
a marked tissue response which c ea ted a she t of pus un t !1 c: 

mbranes. There was no eviden o f fi robla ., ic ing rowth. 

Thenextm teri al tes ted co si t c 
ethyl ne o f 40 nd O mi ls thi kn 
s tional appe r nee. These ma t ri ls 
o f ma ll cal i b r r ificial v ss ls . 
ma e r· l s v p or an , lthoug l. ir nfo n c.1 

f,_r -,as littl v id nee of udh~ r nee at 
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TAILI - I INITIAL TESTING or 
~IFICIAL s1m: COMPONENTS 

HAT!llAL INITIAL CONPOIMATION ADH!IDIC! SUl-"CltAn" PIIIOIIASTIC 
ADll!UIIC! TO WUND AT 5 DAYS SUPPUltATION INCIOWrll 

r.dvard1 Excellent Excellent Falr: Sen,a None 
SllHtlC Pocketlna Pocket• 
Gauze of Senaa 

Ph-A Poor Poor Pr,or Pu, None 

Ph-I Poor Poor Poor Pua None 

Ph-C Poor Poor Poor Pu, None 

Ph-0 Poor Poor Poor Pu1 None 

C-710 Poor Good Poor None 

c-7ll Poor Good Poor None 

ec-s102l6 !xcellnt Excellent Good Clot None 
(0.1 alcron) 

C-Sl012f !xcell•nt Excellent Partlal Clot Ilona 
(20 aicron) lncorp. 

In Scab 

c-s10141 ~elleot Excellent Partlal Clot None 
(40 aicron) lncorp. 

1n Scab 

Conte• Weave Poor Poor Poor Pu• None 

llyloa Stock11'11 Excellent bc•ll-t lncorp. Scab Palr 
(Loo•• lnlt tn Scab 
alnal• layer) 

Plne Me1h Cauu Excellent Good tncorp. Scab Palr 
(S ln&l• Layer) In Scab 

CoarH Muh Excellent !'.xcellent lncorp. Scab Palr 
Cauae . (S ln&l• ln Scab 
Layer) 

4~7< 
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materials were tested in strips, there was no sulnembrane suppuration. 
There was no fibroblastic Ingrowth at 5 days. These roatcrials are 
referred to in Table t as G-710 and G-711. 

Sample G•S10236 consisted of a polytetrafluoroethylene (pTFE) 
membrane of 1 mil thickness and a nominal void size of 0.1 microns. 
Initial adherence of this membrane was excellent, conformation to the 
wound was excellent; and Jdherence at 5 days was good, although It had 
stiffened considerably. There was no evidence of pus underneath the 
membrane and there was no evidence of serum pocketing, suggesting that 
the membrane permitted adequate "breathing." However, there was a 
considerable clot underneath the membrane and no evidence of fibroblastlc 
Ingrowth present. 

A PTFE membrane of 20 microns void size and 1 mil thickness was 
also tested. This is referred to in Table I as G·S10128. Conformation 
to the wound and Initial adherence was excellent. No sutures were needed 
to secure the membrane to the open wound. Free egress of water was 
noted at the time of application: After 5 days, the membrane itself was 
nearly completely obscured by a scab which had formed above and below 
the membrane. There was no submembrane suppuration, but t,ere was con­
siderable clot underneath the membrane. T~re was no evld~nce of fibro­
blastic Ingrowth. 

G-S10148 was a PTFE membrane with a "spider-web" structure and a 
nominal void size of Ito microns, with a I mil thickness. The performance 
of this membrane was very similar to that of G-S10128. Its initial 
adherence and conformation to the wound were excellent, however, at 5 days 
It was partially Incorporated into a scab which had formed on both the 
inner and outer surface of the membrane. There was no evidence of sub­
graft suppuration, but numerous red cells were seen in a clot below the 
membrane. This clot had lifted the membrane from the wound surface. 
There was no evidence of fibroblastlc ingrowth. 

A Gortex Weave was tested to al low for a void size even greater 
that 40 microns. This weave was quite stiff, and therefore its initial 
adherence and wound conformation were quite poor. Its adherence at 5 days 
was poor and there was considerable submembrane supuration with no 
evidence of fibroblastlc ingrowth. 

Next, a single layer of loosely knit nylon stocking (#15 denier) 
was evaluated. Its initial adherence and conformation to the wound was 
excellent. No sutures were needed to hold the membrane in place . At 5 
days, this membrane was Incorporated Into a scab, both above and below 
the membrane. There is evidence that the scab had partially "lifted" 
the nylon stocking from the underlying fascia. However, in areas where 
this "lifting'' did not occur, there was some evidence of fihrobl astic 
Ingrowth. 

Because of the fact that nylon stocking, when tested in a Ingle 
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layer, lifted from the wound, both fine mesh gauze and coarse n,esh gauze 
were tested as Inner layers. Although the Initial adherence of both 
materials was excellent and conformation to the wound was good, both fine 
and coarse mesh gauze, when tested as a single layer, became incorporated 
In a scab and partial I~• I lfted fr011J the wound. There was evidence of 
minimal fibroblastlc ingrowth only when these dressings were tested In a 
s I ng I e I ayer . 

II. The testing of promising "Inner layers" under 24 layers of 
coarse mesh gauze. 

Because in the testing of even fine and coarse mesh gauze in a 
single layer, there was evidence of clot formation beneath the gauze 
with subsequent lifting of the gauze from the underlying surface, it was 
decided to evaluate the most promising "inner layers" under 24 layers 
of gauze. The idea of placing 24 layers of coarse mesh gauze over the 
membrane under evaluation was to draw out some of the fluid, protein, 
and cells, and avoid the "scabbing',' seen when such membranes were tested 
In a sing I e I ayer. 

The Gortex Weave showed initial poor adherence and, in spite of the 
gauze overlay, showed considerable subgraft suppuration with no evidence 
of fibroblastic ingrowth. The PTFE membranes of 20 and Ito micron void 
size (G-S10128 and G-SIOll18) again showed excel lent adherence at 5 days. 
However, even with the gauze overlayering, there was evidence of clot 
underneath each of these membranes. flbroblastlc ingrowth was not 
present in G~SIOl28 and was present only to a very modest extent in 
G·SIOllt8. 

However, when fine mesh gauze and coarse mesh gauze were tested 
with 24 layers of coarse mesh gauze as a cover, there was no evidence of 
clot formation underneath the gauze and fibroblastic ingrowth occured 
when either was used. Similarly, th~ nylon stocking exhibited excellent 
adherence at 5 days, no evidence of subgraft sub-Inner layer seperation 
and excellent flbroblastic ingrowth. 

The nylon stocking was chosen over either fine mesh or coarse mesh 
gauze for the following reasons: (1) it consists of an inert, nonfrag­
menting material; (2) It is made of a much finer denier, potentially 
allowing multiple layers to be put together with minimal thickness; 
(3) it is stretchable in two dimensions and therefore conforms rmre 
readily to irregular surfaces; (4) histologic sections show far less 
foreign body response to the nylon stocking than to either fine mesh 
or coarse mesh gauze. 

111. Determination of optimal thickness requirements for an inner 
layer of nylon stockings. 

This experiment utilized 12 rats, 3 in each group 15% dorsal fascial 
excisions were covered with either 1, 2, 4, or 8 layers of nylon stocking 
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(115 denier loosely knit). Each group was examined at the end of 5 days 
for evidence of flbroblastlc lu~rowth. One layer of nylon stocking, as 
Indicated In Table Ill showed some clot formation under the stocking 
with subsequent lifting of the nylon stocking. Two layc!rs were better: 
there was more evidence of flbroblastlc Ingrowth but considerable 
"I I ft Ing" was st 111 present. Four layers of nylon stocking were superior 
with only rare "l lfting" being present. Flbroblastlc ingrowth always 
occurred. flbroblastlc ingrowth likewise occurred with 8 layers of 
nylon stocking. 

IV. Testing of possible "outer layers" as bacterial fl lters at 
one atmosphere of pressure. 

Table 4 Indicates the test performed on G-Sl0128, G-Sl0235, and 
G-Sl0236 as bacterial filters. Because of the charge-structure of all 
of these membranes, all are Impermeable to water alone, In spite of their 
large pore size. However, when tested In conjunction with broth or serum, 
only one membrane, G-Sl02J6, was found to be impermeable to bacteria 
Inoculated with a wetting agent. 

DISCUSSION 

Desirable features of an "artificial skin" preparation Include: 

I. That it be impermeable to bacteria; 

2. That It adhere well to a large, Irregular surface; 

J. That it conform closely to the wo~nd; 

4. That It permit fibroblastlc Ingrowth from the tissue bed to 
which It is opposed . 

Further, It Is thought desirable to have this artificial membrane 
as thin as possible, to minimize the dead space between the underlying 
tissue bed and the outer surface of the membrane, thus leaving as small 
a space as possible for the accumulation of tissue fluids and pus. Our 
empt r ical tests suggest that the "outer layer" of a compost te membrane 
must be somewhat permeable to fluids and gases, thereby avoiding the 
protein accumulation seen with the Edwards sllastlc-gauze membrane. The 
experiments with the collagen membrane suggest that it Is the architectural 
characteristics rather than the material per se which ls important. 
Although collagen ls blodegradeable, the closely spaced void In the 
collagen membrane was tested did not allow for fibroblastlc ingrowth. 
In testing structures for an "inner layer" a certain degree of thickness 
or "layering'' is necessary to avoid sub-lattice clot formation with 
subsequent lifting of a single layer of material. Testing of multi­
layered material was performed to find the minimum thickness required to 
consistently al low for flbroblastlc ingrowth. Our experiments uggest 
that this can best be achieved with 4 to 8 layers of a loosely knit, fine 
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denier nylon stocking. Of the outer membranes tested, the 111>st satis­
factory was the 0. I micron void size, I mil thick, PTfE membrane. This 
caused no submembrane pus or seru~ accumulation, yet served as an 
adequate bacterial filter. 

SUMMARY 

A series of tests were performed with the purpose of developing a 
satisfactory bl laminate "artificial skin" as a substitute for human 
cadaver allograft. Principles concerning the nature of the needed 
components have emerged from this Investigation. A first order approxi­
mation of what Is required In an artificial skin has evolved. This 
structure will require further and more detailed investigation. 

PUBLICAT ONS AND/OR PRESENTATIONS 

None 
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ABSTRACT 

PROJECT NO: 3A161101A91C-OO, IN HOUSE LABORATORY INDEPENDENT RF.SEARCH 

REPORT TITLE: IMMUNITY IN BURNED ANIMALS - A LABORATORY MODEL OF CHANGES 
OCCURRING IN BURNED TROOPS. PART I. THE EFFECT OF 
BURNING ON VIRAL ONCOGENESIS IN THE MOUSE; EFFECTS OF 
EXOGENOUS STEROIDS, GLUCOCORTICOID BLOCKAGE, BETA 
ADRENERGIC BLOCKADE AND VITAMIN A. 

US Army Institute of Surgical Research, Brooke Army Medical Center, Fort 
Sam Houston, Texas 7f i3~ 

Period covered in this rl 'port: l July 1973 - 30 June 197~ 

Investigators: Norman S. Levine, MD, Major, MC 
Roger E. Salisbury, MD, Major, MC 
Arthur D. Mason, Jr., MD 
Harrel L. Walker, MS 

Reports Control Symbol MEDDH-288(Rl) 

The effect of expe r imental burns on tumor oncogenesis Induced by 
the Moloney sarcoma virus in mice was studied. Twenty-five per cent 
third degree burns caused a significant increase in tumor size and a 
delay in tumor regression. Exogenous administration of glucocortlcoids 
likewise promoted tumor development. Metyrapone Inhibited tumor growth 
In normal mice, but had no effect on the increased tumor grO\~th in burn­
ed mice. Propanolol, a beta-adrenerglc blocker, had nc effect on tumor 
growth In burned or unburned mice. Vitamin A inhibltec tumor develop­
ment in unburned, but not in burned animals. Our data are compatible 
with the hypothesis that glucocorticoids play a permissive role In 
viral oncogenesls, and that this can be Inhibited by 11-hydroxylase 
blockage with metyrapone; although increased gluc : ·:orticolo production 
is a likely cause of the Increased tumor growth in burned animals, 
this cannot be reversed with metyrapone. 

Burns 
Bacterial infection 
Viral infection 
Rats 
Mice 
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IMMUNITY IN BURNED ANIMALS - A LABORATORY MODEL 
OF CHANGES OCCURRING IN BURNED TROOPS (PART I) 

THE EFFECT OF BURNING ON VIRAL ONCOGENESIS IN THE HOUSE; EFFECTS OF 
EXOGENOUS STEROIDS, GLUCOCORTICOID BLOCKAGE, BETA ADRENERGIC BLOCKADE 
AND VITAMIN A 

I NT RO DUCT I ON 

The principal cause of death In burned patients is infection. The 
origin of this infection is usually the burn wound which serves as an 
excellent culture medium in which microorganisms can proliferate. 
Studies of both polymorphonuclear cell function and lymphoid cell 
function have shown that host defense rrechanisms are, to a degree, 
impaired after burning. The combination of the burn wound serving as 
a source of sepsis and the impairment of host defense mechanisms often 
lead to death from infection. 

In studying the clinical course of infection in either a patient 
or a 1Aboratory animal, it is of advantage to be able to separate the 
infection from the burn wound. However, any disseminated Infection 
which can kill the anima.1 will, in a certain percentage of animals or 
patients, also be found in the burn wound. Laboratory studies of the 
Moloney sarcoma virus indicate that this virus causes a very localized 
tumor which is generally free from metastases. Although no burn patient 
ever dies from the Moloney sarcoma virus, the experimental studies of 
tumors caused by this infectious agent offer an in vivo method of 
studying host response to one viral agent for which the disease entity 
Is entl re ,ly separate from the burn wound. The study of such an agent 
ls advantageous for initial investigations of the response of burned 
animals to viral infections, and the effects of hormonal manipulations 
on this response. 

METHODS 

Seven week old male CBA mice of 20 to 25 g weight were used for 
the entirety of these experiments. Standardized burns were applied to 
the dorsal surface of these animals by using brass blocks with a?. x 5 
cm surface, heating these brass blocks to 98,5°c and placing the animal 
in contact with the surface for 4 seconds. Two contact burns 'each 10 
cm square) were placed on the right and left dorsal surfaces of each 
mouse, resulting in a 20 square cm surface area burn, which is a burn of 
25% of the total body surface. These burns were determined to be third 
degree, and depth of burn was confirmed histologically at 24 and 72 
hours post burn. Sham burning was performed by placing unheated brass 
blocks on anesthetized animals for the same period of time. 

Forty-eight hours after bur~ing, 0.1 cc of a uniform inoculum of 
Moloney sarcoma virus was administered intramuscularly to the medial 
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aspect of the mouse's right thigh. Tumor size was graded every 4 days 
after Inoculation until 32 and sometimes 40 days after inoculation. 
TlnOr grading was performed according to the scale of Blumenschein and 
Moloney (Journal of the National Cancer Institute, V 42, Part I, p 123, 
1969). A grade 1 tumor Indicated swelling, clearly palpable In the 
thigh 111.1scle at the site of Inoculation. A grade 2 tumor corresponded 
to a palpable mass Involving the entire thigh muscle. A grade 3 tumor 
Indicated extension of the tumor over the pelvic brim Into the abdomen. 
A grade 4 tumor Involved the entire leg and had extension across the 
mtdltne of the abdomen. 

At the conclusion of the experiment, the animals were killed. 
Animals were stored 10 per cage. Because of extensive cannibalism In 
these mice, It was Impossible to obtain autopsies on animals which died 
durt _ng the course of the experiment. 

RESULTS 

Experiment #1: The Effect of 25% Burns on Tumor Development in Hice 

The purpose of this experiment was to see if burning substantiall-y 
changed the susceptiblll y of mice to the development of a tumor follow­
ing inoculation with ~0 loney sarcoma virus. Twenty mice were given 25% 
BSA thermal contact burns and a second group of 20 mice sham burned. 
Figure 1 plots the mean tumor score versus time after Inoculation. It Is 
clear that, from day 12 onward, the burned animals developed larger 
t1.111ors than did the sham burned animals. Tumor regression likewise 
appEars to be slower In the burned animals. Statistical comparison was 
made using an extended Chi-square test over the ordinal tumor scores. 
This was performed because mean tumor size, although useful graphically, 
In actuality has no meaning. Such analysis indicates that there was a 
significant increase In tumor size In the bur~ed group (p less than 0.001 
from day 12 onward). This experiment was repe~ted several times (infra 
vide) and the direction of the results was always the same. 

Experiment #2. The Effect of Exogenous Glu,:ocort I coi d Adm! n Is trat ton 
on Tumor Development in Unburned Hice. 

The purpose of this experiment was to see If the administration of 
exogenous glucocortlcotds could produce an Increase in tumor development 
col'f1)arable to that seen In burned animals. Mice \,ere divided into two 
groups of 30 animals each. The experimental group received I mg of 
Depo-Hedrol In 0.5 cc of saline given subcutaneously In the abdomen. 
The control group received 0.5 cc of saline given subcutaneously In the 
abdomen. The results of this experiment are presented graphically in 
Figure 2. Tumor size was larger and persisted longer in the animals 
given glucocortlcolds. Extended Chi-square analysis of tumor score 
Indicates that the difference between the two groups Is significant from 
day 8 onward (p less than 0.001). 
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Experiment#): Effect of Hetyrapone on Tumor Development In 
Unburned HI ce. 

Animals were divided Into two groups of 20 mice each. One group 
was given tap water to drink, the second group was given metyrapone 1 mg 
per cc drinking water. The drinking water bottles containing metyrapone 
were covered with brown paper to avoid decomposition of the drug on 
light exposure. Forty-eight hours after commencement of the drug, the 
animals were given a uniform lnoc 11lum of the Moloney sarcoma virus. 
T1.1n0r scores were graded every four days thereafter. From day 16 on­
ward, the tumors were significantly smaller (p less than 0.25) in the 
metyrapone treated animals than were the tumors In the controls. 
Figure 3 plots mean tumor score versus time. Extended Chi-square 
analysis reveals that the difference between the two groups was signifi­
cant (p less than 0.025) from day 16 onward. 

Experiment #4: The Effect of Hetyrapone on T1.1n0r Developme11t In 
Hice with 25% Burns. 

Burned mice were divided Into two groups of 40 each and given 
either water or metyrapone 2 mg per cc in water invnedlately after burn­
ing. Forty-eight hours after burning, they were Inoculated with standar­
dized dose of Moloney sarcoma virus In the right thigh. 

Figure 4 graphically presents the mean tumor score versus time after 
Inoculation. It is evident that there was no significant difference 
between animals who were burned and received water without drug and 
animals who were burned and received metyrapone. Extended Chi-square 
analysis confirms the same findings. 

Figure 5 Is a graphic representation of mean tumor score In burned 
and unburned animals treated with a! .d without rretyrapone plotted against 
time after Inoculation with the Moloney sarcoma virus. It is evident 
from Figure 5 that, although i-!tyrapone caused an accelerated regression 
of the tumor from day 12 onward in the unburned animals, it had no effect 
upon burned animals. Burned animals again showed a significant Increase 
In tumor size (p less than 0.001) over unburned animals. 

Experiment #5: The Effect of Vitamin A on TUT10r Development in 
Burned and Unburned Mice. 

Hice were di tided Into 4 groups of animals. Group 1 (20 animals) 
were sham burned ~nd given ordinary drinking water In their feeding 
bottles. Group 2 was also sham burned, but given vitamin A, 150 units 
per cc, in the drin<ing water. Group 3 was given a 25% dorsal surface 
burn and 150 units of vitam:,, A per cc of drinking water. Animals In 
all groups were given a uniform lnoculum of Moloney sarcoma virus In the 
right thigh 48 hours after burning or sham burning. 
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Figure 6 Is a graphic repres~ntatlve of a mean tlll\or score versus 
time following Inoculation. Extended Chi-square analysis reveals that 
vitamin A treated unburned mice had a lower tll110r score which was 
significant from day 12 onward (p less than 0.025). There was no 
significant difference between burned animals who received vitamin A 
and burned animals who received ordinary drinking water. 

Experiment #6: The Effect of Vitamin A on Tl.lllOr Development In 
Hice Following a Single Dose of Depo-Hedrol. 

Because of recent evidence suggesting that vitamin A can antagonize 
the effects of steroids on wound healing and because of the evidence 
that steroids Increase the susceptlblllty of our mice to tumor oncogen­
esls, the effects of vitamin A on tumor development In mice following a 
single dose of Depo-medrol were studied. Experimental mice were divided 
Into two groups of 30 mice each. Both groups were given 1 mg of Depo­
Hedrol subcutaneously 48 hours prior to viral Inoculation. One group 
of animals was given vitamin A 150 units per cc in the drinking water 
and the other group was given ordinary drinking water. Forty-elsht 
hours after conmencement of vitamin A, the animals received a uniform 
lnoculum of Moloney sarcoma virus In the right thigh. Tumor score was 
graded every 4 days thereafter. Figure 7 is a graphic presentation of 
mean tumor score versus days after Inoculation. It Is evident from 
the graph and also documented by extended C I-square analysis that there 
Is no significant difference In the tumor scores between the two groups. 

Experiment 17: Effect of Propanol on Tunor Development in Burned 
and Unburned Hice. 

Seven week old male CBA mice were divided into four groups. Group 
(20 animals with sham burn and fed normal 3round Purina chow). Group 

2 was sham burned and fed propanol 100 mg per kg of ground chow. Group 
3 (40 animals) was given a 25% dorsal surface burn and fed ground Purina 
chow. Group 4 (It() animals) was given a 25% dorsal burn and fed ground 
Purina chow containing propanol 100 mg per kg of chow. Tlll\Or score was 
graded every 4 days following Inoculation. Figure 8 Is a graphic repre­
sentation of mean tunor score versus time following Inoculation. Inocu­
lations were performed two days after burning and commencement of a 
regulated diet. 

There was no significant difference In the tumor size of either 
burned or unburned animals receiving either ground ch<M or propanol In 
chow. There was again a very significant difference between animals who 
were burned and animals who were not burned. All unburned animals re­
ceiving propanol survived. At 28 days, 21 out of 40 burned animals 
survived. At 28 days, only 11 out of 40 burned animals receiving 
propanol survived. 
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Experiment #8: Corticosterone Levels In Burned Rat~ Treated with 
Hetyrapone. 

170-190 g Sprague-Dawley albino rats were given 10 cc saline or 
10 cc saline plus 20 mg rnetyrapone l1m1edlately prior to anesthesia and 
30% burning or sham-burning. Six hours after anesthesia, blood sa"l)les 
were drawn for serum cortlcosterone levels. The results of our data 
are Included In Figure 9. The mean serum corticosterone level for un­
burned animals was 24.1 ug/ml and In burned animals it was 69,9 micro­
grams/ml. There was no overlap between the t,-,o groups. The mean 
cortlcosterone level for burned animal receiving 20 mg metyrapone was 
61.8 micrograms/ml and rot significantly different from that of burned 
animals receiving saline. Administration of higher doses of metyrapone 
(40 mg) was let ha 1 to even unburned rats. These data suggest tha.t 
metyrapone ls Ineffective In blocking 11-hydroxylatlon In rats with 
burns of 30% of the total body surface area. Similar data in mice was 
unreliable, because si"l)le cardiac puncture could not be readily per­
formed and other methods of "blood-letting" Involved considerable 
"stress" to the animals. 

DISCUSSION 

From the experiments herein presented, the following conclusions 
c•n be drawn: 

1. Burning causes a definite Increase In the susceptibility to 
Moloney sarcoma virus. This ls reflected In an increased tumor size in 
burned animals compared to unburned animals and a delayed regression of 
the tumor In burned animals. 

2. The administration of a single dose of glucocortlcoids (1 mg of 
Depo-Hedrol subcutaneously) causes a significant increase in tumor size 
and delay In tumor regression in mice so treated. 

3, The oral administration of mr.cyrapone to unburned mice inhibit­
ed the development and accelerated tlie regression of viral oncogenesls. 

4. The oral administration of metyrapone LO burned mice had no 
effect on tumor development In animals which were burned. 

5. The results of such experiments are compatible with the hypo­
thesis that basal levels of glucocortlcolds In the normal animal have 
a permissive effect on viral oncogenesls, and perhaps other viral or 
fungal diseases. This Is suggested by the fact that metyrapone, by 
Inhabit ing II-hydroxylation and therefore limiting glucocortlcold pro­
duction In the normal animal causes a decrease In tlMOOr size. Mice with 
e,d~genous Increases in glucocortlcoid production secondary to burning 
or riilce with exogenous steroid administration show Increased tumor size 
and delayed tumor regression. Although metyrapone effectlv ly inhibited 
viral oncogen sis In unburned animals, It was ineffective In Inhibiting 
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the increased tumor development seen i~ the burned animal. This is 
compatible \-Jith the suggestion that fol lowing thermal injury, the 
stimulus for ihcreased glucocorticoid production overrides blockage of 
11-hydroxylation. Steroid levels in rats fol lowing burning and fol low­
ing burning and intraperitoneal metyrapone treatment are colll)atible 
with this hypothesis (Table 9). 

Our experiments with vitamin A administration support the follow-
ing conclusions. Vitamin A, like metyrapone, has a significant effect on 
tumor development in unburned animals. Animals given 150 units of vitamin 
A per cc of drir~ing water develop smaller tumors which regress faster 
than the tumor :: in untreated animals. Vitamin A administration to 
burned animals had no effect. This suggests that the requiren~nt for 
vitamin A by the mouse may be greater than that which is provided by 
standard chow. No effect of vitamin A was seen in the burned animals. 

Our conclusions based on our experiments with propanol suggest the 
following conclusion: The administration of 100 mg of propanol per kg 
of chow had no effect on tumor development in either burned or unburned 
animals. Our data suggest that this level of propanol did not cause 
death in any unburned animals, but was associated with a higher rat e of 
death in the burned animals. 

SUMMARY 

The effect of experimental burns on tumor oncogenesis induced by 
the Moloney sarcoma virus in mice was studied. Twenty-five per cent 
third degree burns caused a significant increase in tumor size and a 
delay in tumor regression. Exogenous administration of glucocorticoids 
likewise promoted tumor development. Metyrapone inhibited tumor growth 
in normal mice, but had no effect on the increased tumor growth in 
burned mice. Propanolol, a beta-adrenergic blocker, had no effect on 
tl.lr.or growth In burned or unburned mice. Vitamin A inhibited tumor 
development in unburned, but not In burned animals. Our data are 
compatible with the hypothesis that glucocorticoids play a permissive 
role in viral on~ogenesls, that this can be inhibited by 11-hydroxylase 
blockade with metyrapone; although increased glucocorticoid production 
is a likely cause of the increased tumor growth in burned animals, this 
cannot be reversed with metyrapone. 
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ABSTRACT 

PROJECT NO. 3A161101A91C-OO. IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

REPORT TITLE: IMMUNITY IN BURNED ANIMALS - A LABORATORY HODEL OF CHANGES 
OCCURRING IN BURNED TROOPS. PART II. THE EFFECT OF EARLY 
SURGICAL EXCISION AND ALLOGRAFTING ON SURVIVAL IN BURNED 
AND BURNED-INFECTED RATS 

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

Period covered in this report: July 1973 - 30 June 1974 

Investigators: Norman S. Levine. HD. Major. MC 
Roger E. Salisbury. HD. Major. MC 
Arthur D. Mason. Jr .• HD 
Harrel L. Walker. HS 

Reports Control Symbol ME~DH-288(RI) 

The effect of early surgical excision and allograftin9 on survival 
in burned. uninfected rats and in burned rats Infected with Pseudorronas 
aeruginosa intraperitoneally has been studied. Surgical excision and 
allograft coverage had no effect on survival in the uninfected animals 
with burns of 30 to 60% of the total body surface. Survival in animals 
treated with surgical excision and no coverage was significantly worse 
than In the animals who were simply burned. lnrnediate excision of the 
burn wound. combined with prompt allograft coverage. resulted in a 
partial reversal of the mortality asscclated with lntraperitoneal 
injection of Pseudomonas organisms. ln,en the excisions were delayed 
until 48 hours after thermal Injury er 24 hours after intraperltoneal 
infection. survival appeared to be the same or possibly worse than In 
burned. unexclsed animals. The beneficial effects of surgical excisions 
and i•mmedlate graft coverage could be achieved with formalin fixed allo­
graft as well as with frr.sh al lograft. fJeurovascular Isolation of the 
eschar was of no benefit ,~ reversing intraperitoneal Pseudomonas rrortal­
lty. 

Burns 
Bacterial infection 
Viral infect ion 
Rats 
Mice ,152< 



IMMUNITY IN BURNED ANIMALS - A LABORATORY MODEL 
OF CHANGES OCCURRING IN BURNED TROOPS (PART II) 

THE EFFECT OF EARLY SURGICAL EXCISION AND ALLOGRAFTING ON SURVIVAL IN 
BURNED AND BURNEn-lNFECTED RATS 

The role of early surgical excision of the burn wound has remained 
controversial. It Is generally agreed that, In patients with limited 
size third degr~c burns, early surgical excision of the burn wound com­
bined with autograft coverage can reduce hospital time and hasten recov­
ery of function. H0\-1ever, large area excisions in patients with massive 
thermal injury have met with limited success. Although many centers have 
reported encouraging results with this approach, only a limited nunt>er of 
cases have been reported, and survival has not been shown to be appreci­
ably changed using this technique. 

Although large scale excision removes the b1:rn wound as a source for 
infectio,, patients so treated do not always remain free from systemic in­
fection, and many died from pneumonia or invasive infection In unexclsed 
areas. The purpose of this study was: 1. to examine the effects of 
surgical excision on survival in experimental animals, where factors such 
as burn size and wound Infection can be controlled; 2. to determine if 
surgical excision of the burn wound with allograft coverage can radically 
alter the nature of "burn disease", using the systemic susceptibility to 
Infection as an index of this disease; 3. to determine when excision 
should ideally be performed and what the critical factors In wound cover­
age are. 

METHODS 

Sprague-Dawley rats weighing 170 to 190 g were anesthetized with 
pentabarb i to 1 (20 mg, I .p.) and 30% dorsa 1 th l rd degree burns we re produc­
ed by immersion in water heated to 90.5° C for 10 seconds, by the method 
of Walker. To produce a 60% burn, the ventral surface of the animal was 
also immersed for 2.5 seconds. Excisions were always performed at the 
level of the deep fascia. Allografts were harvested from the donor rats 
of the same breed using the Brown dermatome. These grafts rejected an 
average of 20 days post application. Formalinized grafts were prepared 
by fixing freshly cropped allograft in 10% formalin for 7 day~, and wash­
ing under running tap water for 24 hours immediately prior to use. Grafts 
were secured to the adjacent tissue by using metal clips. 

At 24 hours after bu rnin, the infected animals were injected with 
a 1 cc. inoculum of Pseudomonas aeruginosa, strain 12-4-4, made by dilut­
ing an 18 hour tripticase soy broth culture in 0.85% saline. Quantita­
tive bacterial analysis was performed on all inoculi, revealing from 105 
to 107 organism per cc. Animals were housed in individual wire cages 
and fed \-later and Purina cat chow . Autopsies were performed on all 
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animals that died. 

RESULTS 

Experiment #1 - The effect of excision, with and without ski cover­
age, on sur•, ival. 

In this study, the survival of untreated animals with 30 and 60% 
burns was co""ared to that of animals with 30 and 60% burns treated with 
lmnediate excision with and without a11ograft cove rage . Our res ults are 
tabulated in Figure 1 and demonstrate that: 

1. Neither a 30 or 60% burn was lethal to the rats; 

2. All 30 and 60% burns treated with inmediate surgical e xcision 
~nd allograft coverage also survived; 

3. Excision without skin coverage resulted in a 40% mortality when 
30% burns were excised and a 90% mortality when 60% burns were excised. 

lxperiment #2 - Co""arlson of intraperltoneal Pseudomonas mortality 
In the 30% burned and unburned rat. 

Figure 2 plots the survival in unburned anesthetized animal s and in 
animals anesthetized and given burns of 30% of the body surface area 
following an intraperitoneal injection of Pseudomonas aeruginosa given 
24 hours after burning or anesthesia. Ten animals were included in each 
group. Survival In the burned animals was less than In the unburned 
animals at all three dosage levels. From this Information, It was 
possible to select a dose of Pseudomonas that will kill rros t, but not 
al 1, of the burned animals and none of the unburned control s . An approxi-
mation o f this lnoculum was used for the ensuing experiments. In this as 
wel 1 as in the fol lowing experiments, death generally occurred between 6 
and 15 days after burning and was associated with hemorrhagic pne umonitis 
In over 90% of the animals. Cultures of these lungs gre1v out Pseudorronas 
aeruginosa. The burn wounds generally remained free from infection . 

Experiment #3 - Effect of imnediate surgical excision plus allograft­
lng on lntraperltoneal Pseudomonas mortality . 

This experiment co""ares the ability of burned rat s ve r s us burned, 
excised, and allografted rats to survive an in t raperitoneal chall e nge 
with Pseudorronas aeruginosa given 24 hours a f te r burning . Th res ult s of 
a s ingle such experiment are presented graphically in Figur 3. All sham 
burned, ane sthetize d control s survived. In t hi s particular e xper ime nt , 
all burned animal s died . Survival in the burne d, exci sed, a ll og raf ted 
group, 8 out of 15 animals, wa s better than that in the bu r n d group, 
but not as g'JOd a s in the unburned animal s . 
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This experiment w s repeated four times {Figure It). In each case, 
survival In the burned, excised, and allografted animals was better 
than that In the burned untreated animals. In our model, Immediate exci­
sion with allograftlng could slgnlflcantly {p less than 0.001) reduce the 
systemic liability to Pseudomonas aeruglnosa caused by burning. 

Experiment #It - The effect of delayed excision and allograftlng on 
lntraperltoneal Pseudomonas mortality. 

In this experiment, the excisions were delayed until lt8 hours after 
bumlng, or 21t hours after lntraperltoneal Inoculation with Pseudomonas 
aeruglnosa. Figure 5 Is a graphic presentation of our data. Unlike 
Immediate excision, delayed excision and allograftlng did not favorably 
affect survival. Survival following delayed excision was actually less 
than that observed In the burned, unexclsed animals (Figure 6), though 
this finding was not significant statistically In the two experiments 
performed. 

Experiment #5 - Effect of Immediate excision with application of 
formallnlzed cutaneous allografts n lntraperltoneal Pseudomonas mortali­
ty. 

An experiment (Figure 7) was performed In which the survival follow­
Ing lntraperltoneal Pseudomonas challenge of burned, excised rats graft­
ed with formallnlzed allograft was compared with that of rats grafted 
with fresh allograft. Formallnlzed allograft was used to test the effect 
of a cover which has the mechanical properties of skin, but which Is not 
viable. 

In this experiment, survival of both groups was similar. The sur­
vival of both groups was better than that of burned and unexclsed rats. 
The experiment was repeated and the statlstlcal analysis (Figure 8) of 
the two experiments suggests that there Is no difference between sur­
vival In excised rats receiving formallnlzed allografts and excised rats 
receiving fresh allografts. Both of these two groups had a significantly 
{p less than 0.01) greater survival than did the burned untreated control 
group. 

Experiment #6 - The effect of neuro-vascular Isolation of the bum 
wound on lntraperltoneal Pseudomonas MOrtality. 

In this experiment. the burn wounds of experimental rats were 
Immediately excised, the ,, clipped back in place. These animals, together 
with burned controls, were subjected to an lntraperltoneal Pseudomonas 
challenge t 21t hours postburn. The data in Figure~ indlca es that this 
"neurovascular Isolation" of the burn wound did not fa\'orably affect ur­
vival. Repetition of this experiment (Figure 10) conf',ms this, and 
suggest : that survival following excising the burn wound, then putting it 
back In pluce, is worse than burning without this manipulation. 
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FIGURE 10 

SURVIVAL OF RATS FOLLOHING INTRAPERITONEAL 

CHALLENGE WITH PSEUDOMONAS AERUGINOSA GIVEN 

24 HOURS AFTER BURNING 

EXPT #1 

EXPT /12 

BURNED 

18/20 

15/17 

p < 0. 10 by extended x2 

465< 
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DISCUSSION 

The principal cause of death in patients with large area burns is 
infection. We can attribute this liability to infection to two inter­
related factors. First, the burn wound, cons isting 0f dead tissue and 
proteinaceous exudate, forms a good culture medium in which microorganisms 
can proliferate, providing a local portal for systemic sepsis. Second, 
thermal injury has been shown to evoke a systemic response in which host 
defense mechanisms fail, resulting in an increased systemic susceptibility 
to infections. The combination ·of both factors may lead to systemic 
sepsis and death of the patient. 

The rationale behind large area exc1s1ons has been early removal of 
the local site for bacterial proliferation. The intention of this study 
was to determine whether early removal of the burn, plus allograft 
coverage, could radically alter the nature of "burn disease" by reversing 
the increased systemic susceptibility to infection caused by burning. 

Our initial experiment, comparing survival in uninfected burned rats 
versus that in burned excised rats, with and without allograft coverage 
emphasizes several points. ~irst, the uninfected rat is quite reslstdnt 
to therma1 injury: even 60% third degree burns do not ki 11 these animals. 
Indeed, these animals form dry, nonsuppuratiye eschars which separated in 
a single layer. These rats did not require skin grafts and healed these 
massive third degree burns by a cont)inatlon of epithelialization and con­
traction. Although survival in anirnals with 60% burns treated by excis­
ion and allografting was also 100%, this was no improvement over survival 
in the uninfected animals. However, excision of the burn wound without 
al lograft coverage resulted in a high rmrtality for 30% burns and a 
devastating mortality for 60% burns. This suggests that the absence of 
skin Is more detrimental to the animal than the presence of burn. It 
also stresses the need for prompt, effective coverage of large denuded 
areas. 

Our second experiment confirms the findings of others 1•2 •3 who 
noted that 30% burns cause an increased systemic susceptibility to 
intraperitoneal Pseudomonas aeruginosa, when this organism is given with­
in the first 24 hours afte r burning. Our third experiment demonstrates 
that surgical excision of the burn wound, plus allografting can, in par t , 
reverse this susceptibili t y to intraperitoneal Pseudomonas aeruginosa. 
That this Is a reversal of systemic susceptibility to infection rather 
than merely a removal of a site (the burn wound} in which the organisms 
may lie is suggested by the following two factors : First, infection in 
the burn wound occurred in less than 20% of t he animals inoculated intra­
peritoneally; second, experiment #4, which involves removal of the burn 
wound at 48 hours after the rmal injury, did not favorably alter survi val 
and appea red to wors en sur vival. The lack of benefit seen with delayed 
exci s ions likewi se s ugge s t s that, to favorably alter t he s usceptibili t y 
to infecti on, burn wo und exc is ion should be done as ear ly as poss ibl e . 

466< 
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In clinical situations, 11early:1 exc1s1ons are usu.lily performed at 48 to 
72 hours following thermal injury, when the patient has been adequately 
resuscita:ed. Our experiments suggest that it might be even rrore benefi­
cial to perform massive excisions \-Ji thin the first 24 hours after thermal 
injury, at a time when the patient is still being actively resuscitated. 

Our first experiments with the uninfected animals emphasize the 
importance of a \-Jound cove in conjunction with surgical excision of the 
burn wound. Experiments #3 and #4 derronstrate the beneficial effects 
of fresh allografts, coni>ined with prompt surgical excision, using the 
reversal of rrortality due to intraperltoneal injection of Pseudorronas 

rganisms as an index of a 11beneficial systemic effect. 11 Experiment #5 
derronstrates that f0rmalinized allograft, could be used in conjunction 
with surgical excision and fresh allograft coverage. This suggests that 
at least some of the beneficial effe.cts of 11biologic dressings 1 1 are 
related to their mechanical properties and that such dressings do not 
have to be viable. 

It has been suggested by many physicians that 11 toxic11 products from 
the burn wound are released into the systemic circulation and may, in 
part, be responsible for this increased usceptlbility to gram negative 
infection. Likewise, it is possible that this effect is neurologically 
mediated. If either of these hypotheses is true, then a 11 neurovascular 
isolation 11 of the burn wound might be expected to be of benefit to these 
animals. Experiment #6 attempted to accomplish this by excising the burn 
wound and clipping it back in place on the area of excision. This manip­
ulation, however, appeared to have no beneficial effect on the animals 
and appeared to make survival worse: p less than 0.10. This experiment 
does not clearly refute either the concept of a blood born toxin or 
neurologically mediated toxic effects of the burn wound. l~owever, it 
lends no supportive evidence for either theory. 

SUMMARY 

The effect of ear y surgical e ~cision and allografting on survival 
in burned, uninfected rats and in burned rats infected with Pseudomonas 
aeruginosa intraperitoneally has been s tudied. Surgical exci s ion and 
allograft coverage had no effect on survival in the uninfected animals 
burned to 30% or 60%. Survival in animals treated wi th surgi cal exci s ion 
and no coverage was significantly worse than in the ani mal s who wer . 
simply burned. lmnediate excision of the burn woun d, combined with prompt 
allograft coverage, resulted in a partial revers 1 of intrap r,toneal 
Pseudomonas mortality. When the excision s were delayed until 48 hours 
after thermal injury C\r 24 hours after intraperiton 1 inf ~tion, surviv­
al appeared to be the same or possibly worse than in burned, unexcised 
animals. The beneficial effects of surgical excisions nd immedia 
graft coverage could be achieved with formalin fixed allograft a we ll 
as with fresh allograft. Neurovascular i so l at ion of t h scha r wa of no 

467< 
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benefit In reversing mortality following intraperitoneal injection of 
Pseudomonas organisms in this model. 

REFERENCES 

1. Liedberg CF: Effect of intraperitoneal infection on survival and 
frequency of septicemia: An experimental study in the guinea pig. Acta 
Chir Scand 121:351-358, 1961. 

2. McRipley RJ, Garrison OW: Increased susceptibility of burned 
rats to Pseudomonas aeruglnosa. Proc Soc Exp Biol Med 99:89-104, 1962. 

3. Alexander JW: Effect of thermal injury upon the early resistance 
to infection. J Surg Res 8:128-136, 1968. 

PRESENTATIONS 

Levine NS. Reversal of lntraperltoneal Pseudomonas Mortality in the 
Rat by Surgical Excision and Allografting. Amer Soc of Plastic and 
Reconstructive Surgeons, Hollywood, Fla, Oct 1973. 

PUBLICATIONS 

468< 

) 



4 
I , AHIICY KCI 

DA OE 
.... , .. , ..,_ .. 

74 07 01 
a1,oar ~°" raoa. ,,. • .,._ 

DD· DH F (A R oJ• 

i3 07 01 D. CHANGE u NL 
,o .. o cocci.• l'A .. A.CA NUIIII.CII - - --- -- --,,-~-..,.---- -~--,....,....,-.:--~-=-----+---.,,-:-----------~--------- - -1 

61102:..:..A'---+--'=A;.:_l ~l:....:l..::.0=2B~l-"-P-- -+-....;:OC-:::l----i---~~Oc...2 .... I _ _____ ......... &. .,. ,. , ..... 

•. c-,•••••u"•o 61102A Al61102B IP 08 
- · - ,--- - -t--"'-'-'-~'-'----+-....c..c-'----'--'-----'-'------- -~-- - -

-.::\) .. , .. 1. Ufl ll Q 

"'"'"' " ............... c, ... in ...... c_, (U) Laboratory Evaluation of Artifi c ial T ndons and 

t:lQfnQ~rafts for Use lo Hi) jtary Personnel wjth Severe Flexor I ndon lnjur 44 
11 si; ,,. ,,, ,~ ••O flC•H1Ch.o..-c•1.. •••••• 

003500 Clinical Hedicine 
TION OAfl 

71 09 DA C. In-House 
" co. ,.,c, 0•••~1· APPLICABLE 

••~1•••t0•: 
, ,acaL • 8 20 

.. AIIO\l•t1 
YI&• t.17•"1111...-- - -r- --- - --- - - ------tl 

.. , ,. o o, ··••01 f ,C UM. AMT . 75 .3 7 
11 ii'w'c~Ck>""o""o""•"'•"" .. ""•..,u'"',""io""•---..-------r-----+.•"'·"",..=••~o"'-=•"'•"'o"'••""•""•"'••°"'n~-,,.,...---..---.....,---.,----• 
••••·· US Army Insti tute of Surgical Research 

•oo•rn,• Ft Sam Houston, Tx 78234 

...... US Army Institute of Surgica l Res arch 
Burn S t udy Branc h 

Basil A Pruitt, Jr, COL, HC 

FOREIGN INTELLIGENCE NOT CONSIDERED 

• 00••..,• Ft Sam Houston, Tx 78234 

••••·• Roger E Sali sbury , HAJ, HC 
, .... ~ .. -- 512-221-3411 

AIIOC I ATI l • Y&lf lG ATOAI 

••••• Basi l A Prui tt , J r , COL, MC 
••••• F D Fo I ey, HD 

(U)_~ _tificial tendon; (U) Flexor tendon injuries; (U) Neos heaths; (U) Chickens 
J 1 , ..: .... ,c . ... o e JI CTIY I ,• , ........ ..,.c ... , .. ""°i.•111 ,,...,,..,. , ... ,.., _.,..,.,,.. , ... ,,,,.,_Ip,.__._ ,.,.u. , .. , ., .... - ••• ,.,.., ,,.. l., ... ,,,,..,,_ c ..... , 

23. (U) To study the feasibility of inducing the formation of a new tendon sheath 
from undifferentiated connecti ve tissue around an a rtif ic ial t ndon prosthe i , and 
then transfer that neosheath, with a te ndon graf t , into an injured finger to improv 
function. 

DA 

24. (U) Twenty chickens , 12 weeks old, were Jsed in this ex p rlment. In 10 chick ns, 
the f lexo r sublimis tendon was exci d from the t hird toe of the right foo t , the 
os eous f loor scraped , and t he flexor profundus cut in "no man's land" and r e paired, 
us ing t he Verdan technique. In 10 other chick ns, an art i ficia l t ndon was placed 
in t o the s oft tissue of the back , a nd one month later the long to of t he ri ght foot 

1-Ja s traumatiz d in the same ma nne r as the contro ·I anima l wer • B for th f l xor 
profundus was repaired, however, the animal's backs were ex plor d, and a n oh ~th 
1-i hi c h had formed around the artificial t ndon was dis ect d out . Thi s nos h ath w 
slid over the damag d flexor profundus aft r t he anastomosis wa p rformed. All 
animal were plinted for thr weeks, and then ev luat d for r a n of mo t ion. 

25 . (U) 73 07 - 74 06 Th e control group had very poor f unction, only one out of 10 
animal s be ing able to f l ex the PIP j n ln t of the r pair d to and non being a bl to 
f l x th DIP joint. Then osheath trdn f r group, how ver , r ga in d xc I lent 
functio n, e i ght out of 10 anima l s be ing able to f l x th PIP joint, a nd fou r o ut of 
10 b ing abl e to f l x t h DIP join t a l o . 
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ABSTRACT 
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MILITARY MEDICINE 

REPORT TITLE: LABORATORY EVALUATION OF ARTIFICIAL TENDONS AND HOMO­
GRAFTS FOR USE IN MILITARY PERSONNEL WITH SEVERE FLEXOR 
TENDON INJURY 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort Sam Houston, Texas 7823~ 

Period covered in this report: I July 1973 - 30 June 197~ 

Investigators: Roger E. Salisbury, HD, Major, MC 
Norman S. Levine, HD, Major, MC 
Hugh D. Peterson, DDS, HD, Colonel, MC 
Arthur D. Mason, Jr., HD 
Basi 1 A. Pruitt, Jr., HD, Colonel, MC 

Flexor tendon injuries of the hand in 11no-man 1 s land11 are often 
not amenable to successful primary repair or tendon grafting. Although 
implantation of a silastic prosthesis to recreate the synovial sheath 
followed by tendon grafting is often successful, it does require two 
major procedures and much time is lost from work. The purpose of this 
study was to see If synovial sheaths could be preformed in the back, 
harvested and transferred with a tendon graft to produce good function 
with only one hand operation. 

In 10 chicke s, under local anesthesia, an artificial tendon was 
Implanted In the back. Ten weeks later, the tendon with a new sheath 
around It was dissected out. The synovial sheath and subl imis tendon 
were excised from the long toe, the profundus tendon cut In 11no man's 
land, 11 and the osseous floor scraped. The neosheath was positioned 
over the distal profundus stump, and, following anastomosis of the 
tendon, was slid over the length of the shaft. In 10 control animals, 
the sublimis was excised, the osseous floor scraped, and the profundus 
simply cut and reanastomosecl. After three weeks of irmiobilization, 
f unction was evaluated weekly for one month and then all tendon sys­
tems were examined grossly a~d microscopl~ally. 

Function was clearly surerior in the neosheath group, eight out 
of 10 animals being able to flex the PIP and four out of 10 the DIP 
Joints as opposed to or.e out of 10 in the control group. Gros s dis­
section and I ight microscopy reveal d an intact sheath that wa s 
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partially adherent to the tendon. The controls had dense scar adherent 
to the tendon, restricting motion. 

This study suggests a possible new application for a tendon pros­
thesis In those patients in whom preoperative evaluation for recon­
structive surgery reveals their lnJury to be too severe for conven­
tional tendon repair. 

Artificial tendon 
Flexo r tendon injuri£s 
Neosheaths 
Chickens 
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LABORATORY EVALUATION OF ARTIFICIAL lENOONS AND HOHOGRAFTS FOR 
USE IN MILITARY PERSONNEL WITH SEVERE FLEXOR TENDON INJURY 

Flexor tendon Injuries of the hand in "no-man's land" are often 
not amenable to succes ful primary repair or tendon grafting. Although 
Implantation of a sllastlc prosthesi to recreate th ynovial sh ath, 
followed by tendon grafting, Is often successful, it does requir two 
major procedures and much time is lot from work. The purpos of thi 
study was to see if synovial sheath s could be preformed In th back, 
harvested, and transferred, with a tendon graft, to produc good func­
tion with only one hand procedure. 

METHOD 

In 10 chickens, 12 weeks old, an artificial tendon was implant d 
In the soft tissue of the back, using local anesthesia. Ten w eks 
later, the artificial tendon, with a neosheath around it, was di ssec ted 
out and placed in saline. The synovial sheath a~d sublimi s tendon wer 
then excised from the long toe, the profundus tendon cut in "no-man' s 
land," and the osseous floor scraped with a scalpel. Having created 
this severe Injury, the neosheath was then carefully slid over th 
distal profundus stump, and, following the anastomosis of the t ndon 
with 6-0 monofllament suture, the sheath was then slid over th length 
of the tendon shaft. At this time, in 10 control ani mals, the sub­
llmis tenrlon was excised from the long toe. The osseous floor of the 
toe was scraped, and the profundus tendon cut and reanastomosed with 
6-0 monofilament suture. All Injured extremities were lmmobi!ized for 
three weeks in plaster casts, and then allowed unlimited motion. Func­
tion was evaluated weekly for one month by testing the animal s ability 
to perch. All animals were then sacrificed and the tendon sy terns 
examined grossly and microscopical !y. 

RESULTS 

Function was clearly superior in the group of animals that wa 
treated with neoshe~th t ransfer and tendon gr fting. Eight of 10 of 
these animals were able to flex their proximal interphalangeal joints, 
and four out of 10 animals were al so abl e to flex their distal lnter­
phalangeal Joints. In the control group, however, only one anim 1 was 
able to flex his proximal interphalangeal joints, and none was able 
to flex the distal interphalange 1 joint. The animals that regained 
function did so within two week of mobilization from their plaster 
cast. No late gains in function wer noted. Di section of the inju r d 
toes in the control group rev _a led av ry dens car adh rent to th 
tendon and the underlying o~seous canal. No defin bl plan w re 
noted between the tendon and surrounding scar and oft ti su . 
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In the neosheath transfer group. however. the sheath was very much an 
Intact organ. and clearly demarcated from the surrounding soft tissue. 
The tendon was adherent to the sheath In multiple places. but the ad­
hesions were loose. and the tendon could be easily freed. Light mi­
croscopy confirmed the gross examination. and revealed a well-defined 
fibrous sheath around the autogenous tendon. and fine adhesions con­
necting tendon to sheath in several places. The normal anatomy and 
relationship between sheath and tendon were completely destroyed in 
the control group. 

DISCUSS I ON 

In spite of Improved surgical tech~lque. the results of tendon 
grafting for "lexor tendon injuries of the hand in "no man's land" 
have ~ot improved In the last 20 years (Boyes JH. Stark HH. J Bone 
Joint s~rg S)A:1332-1342. 1971) ,1 The use of a two-stage repai~ 
(Hunter ~M, Salisbury RE, J Bone Joint Surg 53A:829-858, 1971), with 
an artlflc!al tendon prosthesis, has become popular because of the 
Improved re~ults that can be obt lned with the most severely damaged 
fingers. The philosophy of the t «>-stage technique Is sound in that 
It seeks to recreate !he normal anatomy in tne finger before tendon 
grafting Is performed. Since previous work had shown hat a neo­
sheath would form around an artlflclal tendon prosthesis In the un­
differentiated connective tissue of the back, It seemed logical to 
Investigate the ~osslbility of transferring the sheath as one would do 
with skin, tendon, or bone. Because the sheath is so thin, it should 
be quickly vascularlzed and maintain its viablllty. 

Postmortem examination clearly showed why the group treated with 
neosheath transfer and tendon grafting had superior results to the 
control group. In the control group, dense adhes ions grew from the 
damaged osseous floor to the tendon, encasing It completely in a bed 
of scar, Although the Injury was exactly the same in the other group, 
the Interposition of a neosheat~ prevented uncontrolled adhesion 
formation between the tendon and the surrounding bed. The neosheath 
was still a well-defined structure of longi udinally oriented connec­
tive tissue. Adhesions were dense to the outside of the sheath, but 
the adhesions found between the sheath and tendon itself were, for the 
most part, fine and vascular. 

The successful use of a neosheath transfer In the laboratory ani­
mal model Is encouraging. and perhaps warrants a controlled cl lnical 
evaluation. In patients wl th severe flexor tendon injuries of the 
fingers. who would be candidates for the two-stage technique. the 
surgeon could insert an artlflcal tendon pro thesis into the soft tis­
sue of the thigh or back, under local anesthesia In the office. On 
rr,onth later. the Injured finger could be explored, th damag d t ndon 
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system excised, and a neosheath and tendon graft transferred simul­
taneously. If this technique did not work, the surgeon still would 
have the option of doing a conventional two-stage tendon repair. If 
successful, however, the patient would have been saved one hospitali­
zation and an operating room procedure, as well as extra time lost 
from work. 

PRESENTATIONS 

Salisbury RE: "Laboratory Evaluation of Artificial Tendons and 
Homografts for use In Military Personnel with Severe Flexor Tendon 
Injury.'' presented at the Sixth l"lternatlonal Blomaterlal SymposiUfll, 
Clemson University, Clemson, South Carollr.a, 22 April 197~. 

PUBLICATIONS 

None 
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ABSTRACT 

PROJECT NO. 3Al61102B71P-08. BASIC RE~~ARCH IN SUPPORT OF MILITARY 
MEDICINE 

REPORT TITLE: A3,40RHALITIES OF LIVER FutCTION FOLLOWING INJURY IN 
BURNED MILITARY PERSONNEL 

US Army In titute of Surgical Research. Brook Army Medical Center. 
Fort ;am Houston, Texas 78234 

0 eriod cov red in this report: l July 1973 - 30 June 1974 

lnve tigator : Albert J. Czaja. 11D. Major. MC 
Will lam R. Smith. Jr .• Captain. ~C 

Reports Control Symbol HEDDH-288(R 1) 

To determine the Incidence. clinical characteristics. and natural 
hi tory of acute liver damage following thermal injury. 81 cons cutlve. 
nonpediatric. burn patients were evaluated prospectiv~ly for clinical 
and laboratory evidence of hepatic injury. SHA-12. SGPT. and Australia 
antigen determinations w re made within one week postburn. Enzyme 

tudle were reoeated twice weekly while abnormal; oth rwi e. serum 
enzyn~ were screened weekly. Alkaline phosphatase lsoenzymes. clotting 
and herrolysis studies. I Iver scans. and biliary tract x-rays rrore sp -
ciflcally i111>licated hepatic dise se. Liver tissue from 34 autopsied 
patient documented th Injury. 

Clinical and laboratory evidence of acute liver Injury was pre ent 
within the first week postburn in 47 patients (58). Acute liver damage 
appeared to be related to the severity bf the thermal injury. Pati nts 
with acute liver injury had a larger mean burn size (57.9 TBS vs. 30% 
l S) and higher rro tality (74.5% vs. 8.8%) than patient admitted with 
normal liver function. The magnitude of the initial enzyme derang nts 
did not distinguish the survivors from among the pati nts with large 
burn . The appearance of jaundice. however. was associated with a poor 
prognosis; 17 of the 19 jaundiced pa~ients (90) died. Patient who 
developed jaundic late In their hospitalization uffer d episod of 
hypoxia or septicemia. and their liver function and ;>ostmortem hi tology 
suggested a "reactive hepatitis." Hepatic injury could be pres nt in 
patient without clinical lgns of shock. A patl nts improved clini-
c lly. t!,eir liv r function also improved. although alkaline pho phatas 
levels tended to ris lat and remain abnormal aft r the oth r nzy~~s 
had norm lized. An increa ed rl k for septic col11)1 icatlo in th burn 
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patient with I Iver disease could not be determln d In this study. Liver 
histology did not correlate with the degree of enzyme derangements mani­fested clinically. 

Therma I Injury 
Burned soldier 
Liver dys func Ion 

undice 

·177< 



1-

ABNORMALITIES OF LIVER FUNCTION FOLLOWING INJURY IN 
BURNED MILITARY PERSONNEL 

The lncidei1ce, cl inlcal characteristics, and natural history of 
acute liver damage following thermal injury have not been fully described. 
Pos t r.nrtem (Wilson WC, MacGregor AR, Stewart CP, Brit J Surg 25:826, 1938; 
Teplltz C, In The Treatment of Burns, edited by CP Artz and JA Moncrief, 
London, Saunders, p 70)1,2 and laboratory studies (Gilmore JP, Fozzard HA, 
Amer J Phys'ol 198:491, 1960; Talaat SM ieheri GE, Zaki MS, El-Bolkainy 
MN, Brit J Plast Surg 26:132-139, 1973)!, have recognized congestion, 
fatty degeneration, and focal necrosis of the liver as early pathological 
consequences of a major cutaneous burn. Although prospective clinical 
studies have documented that impairment of liver function can occur im­
mediately postburn (James GW, Purnell OJ, E·.1ans EL, J Cli n Invest io:191, 
1951; Wolff WA, Elkinton JR Rhoads JE, An~ Surg 112:158, 1940) ,5, these 
surveys have not character L,ed the nature of the clinical course of this 
dysfunction. In order to determine the Incidence, clin ical features, and 
natural history of acute hepatic disease developing after thermal injury, 
early and serial liver function studies were performed in 81 consecutive 
burn patients admitted to the US Army Institute of Surg ical Research. 

METHODS 

All nonpedlatric patients with burns sustained within one week of 
admission were evaluated prospectively for clinical and laboratory evi­
dence of hepatic Injury. Serum SGOT, SGPT, alkaline phosphatase, lactic 
dehydrogenase, total and conjugated billrubln, and albumin:globulin 
ratios were determined by the multichannel auto-analyzer within the first 
week postburn. These studies were repeated twice weekly while abnormal; 
otherwise, serum enzymes were screened weekly. Australia antigen was 
assayed by the radiolmmunologlcal technique. ·Alkaline phosphatase iso­
enzymes (separated by cellulose acetate gel electrophoresis), clotting 
and hemolysls studies, liver scans and biliary tract x-rays were util lzed 
whenever Indicated to more specifically define the hepatic involvement. 

Each patient was exami ned dally by the investigator. All medica­
tions, procedures, and changes in the patient's clinical status were re­
corded. Each attending physician managed his patient independently. 
Resuscitation fluids, systemic and topical antibiotics , vitamins, anal­
gesics, and nutritional support varied with the clinicai situation. 

Because of the tissue nonspecificity of serum transaminase (SGOT 
and SGPT), lactic dehydrogenase and alkaline phosphatase, liver dysfunc­
tion was diagnosed clinically only in patients with hepatomegaly who had 
either elevations of both SGOT and SGPT greater than twice normal or ab­
normal elevations of all serum enzymes, including the liver isoenzyme of 
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alkaline phosphatase. Hemo1ysls was suspected by a transient unconju­
gated hyperbl11rublnemla accompanled by an Isolated elevation of lactic 
dehydrogenase. Liver tissue obtained at postmortem examination docu­
mented the hepatic dtsease. 

RESULTS 

During the eight month study period between May and December of 
1973, 81 consecutive thermally Injured patients were evaluated. The 
mean number of serum enzyme profiles obtained on each patient was 4.9 
(397 determinations In the 81 patients). Slxty-thr~e patients were 
male. Ages ranged from 14 to 86 years (mean age 33,9 years); burn sizes 
ranged from 4% to 96% of th~ total body surface (mean burn size 46.8% 
TBS). The mortality of this study population was 47% (38 of the 81 
patients). Liver tissue was aval lable from the 34 p.atlents who were 
autopsied. 

ACUTE LIVER DISEASE 

Clinical and laboratory evidence of acute liver Injury was present 
within the first week postburn In 47 patients (58%). Physical examina­
tion arid biochemical studies suggested that I Iver damage could occur as 
early as 24 hours postburn. The mean age of patients in this gr u was 
32.7 years (range 14 to 74 years), and the mean burn size was 57.9% of 
the t~tal body surface (range 14 to 96% TBS). Mortality was 74.5% (35 
of 47 patients). 

Four patterns of lfver function abnormalities were recognized: 

1) Acute Hepatocellular Necrosis without Hyperblllrubinemla 

Twenty-two patients (27.2%) with a mean burn size of 55% of their 
total body surface (TBS) had hepatomegaly and SG0T and SGPT elevations 
above twice normal. In one case, these enzymes were elevated over 40 
times normel by the second day postburn. Lactic dehydrogenase levels 
ranged from normal to seven times above normal. Alkal lne phosphatase 
was usually normal during the first week postburn; total serum biltrubin 
remained less than 1.5 mg%. Serum albumin ranged from 1.1 to 4.2 g% 
(mean 2.47 g%) within the first week postlnJury. Five patients with a 
mean burn size of 71.3% TBS had serum albumin levels less than 2 g% 
within eight days after admission. Globulin levels rang~d from 1.3 to 
4.8 g% (mean 2.56 9%), and the albumln:globulln ratio was Inverted in 
eight cases. Assay for Austra1ta antigen was negative in all patients. 

Fourteen patients (64% of this group) died. Ten patien t s had clini­
cal signs of shock (systolic blood pressure less than 90 rm,Hg with olt­
guria) on admission, and six of these also required early mecha nical 
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vent1·1atton to maintain adequate oxygenation . A11 ten patients died 
within the first week postburn. four patients survived into the second 
and third week posttnjury. Three of these developed Intractable shock 
as a res·u1t of a myocard ta1 Infarction or pseudomonas septtcemla; the 
other succumbed to a necrotlzlng pneumonia . 

C11nlca1 signs of shock were never apparent In the eight surviving 
patients, although the lnltlal derangement In their I Iver function was 
comparable to that of the nonsurvlvors. Liver function Improved In these 
patients coincident with their successful convalescence. Abnormal ele­
vations of serum transamlnases usually resolved during the second and 
third week of hosplta11zatlon. In each patient, serum a1ka11ne phospha­
tase Increased up to twice norma1 levels as the other enzyme elevations 
resolved. 

The degree of the inltlal abnormalities in 11ver function did not 
correlate with ultimate survival. Prognosis appeared to be related to 
burn size. Survivors had a mean burn size of 39.8% TBS compared to a 
mean burn size of 63.6% TBS in nonsu rvlvors. 

11) Acute Hepatoce11ular Necrosis with Ear1y Hyperbi1irubinemla 

Six patients (7.4%) with a mean burn size of 58.4% TBS were c11nl­
cally and biochemically similar to Group I patient~ except that their 
total serum blllrubln 1eve1s were above 1.5 mg% within the first week 
postburn. None of these patients became Jaundiced . Total serum bl1i­
rubln levels ranged from 1.5 to 2.3 mg% (mean 1.81 mg%) and was elevated 
as ear1y as the second day postburn. In three of these patients, un­
conjugated bl11rubln was the predominant component of this elevation, 
and al1 patients had received b1ood transfusions. In four patients, the 
blllrubln level returned -to norma1 within five days. Abnormal elevations 
of 1actlc dehydrogenase did not distinguish th;s group of patients from 
Group I. 

On1y one patient demonstrated c11nlca1 signs of shock on admisston, 
and three required early mechanical ventilation. A11 patients survtved 
Into the second week postburn, although four patients did subsequently 
die of septic comp1 lcatlons. ln the two surviving patients, the alka-
1 lne phosphatase 1eve1 became abnorma11y elevated during the second week 
postlnjury and was the last enzyme abnormality to resolve. 

Ill) Acute Hepatocellu1ar Necrosis with Early Jaundice 

Eight patients (9.9%) with a mean ~urn size of 67.4% TBS were 
jaundiced within the first week postburn. Total serum b.lllrubln 1eve1s 
during this early period ranged from 2.1 to 9.7 mg% (mean 4.65 mg%), 
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Increasing to as high as 21 mg% by the second week postburn. The magni­
tude of the Initial derangement of serum transamlnases and alkaline 
phosphatase did not differentiate this group of patients from the other 
groups. Lactic dehydrogenase levels were all abnormally elevated within 
three days postburn, with five patients having LOH levels at least twice 
normal. This enzyme elevation was associated with an unconjugated hyper­
blllrublnemla In four of the patients. Blllrubin levels could be as high 
as 9,7 mg% as early as the third day postburn, and tended to Increase with 
the duration of survival and the frequency of blood transfusions. 

Seven patients died. Shock was present on admission In only three 
of these patients, and two succumbed within three days after admission. 
Five patients survived Into the second week postburn, only to die of 
respiratory failure or septicemia. A conjugated hyperbllirublnemia 
emerged In all patients and was accompanied by a rising alkaline phos­
phatase. Although blllrubln levels did diminish In five patients prior 
to death, enzyme levels remained unimproved. Transfusion requirements 
had diminished In each of these patients. 

IV) Acute Hepatocellular Necrosis with Late Onset of Jaundice 

Eleven patients (13.6%) with a mean burn size of 56.6% TBS developed 
a conjugated hyperbillrublnemla In the second week postburn. Bllirubln 
levels ranged from 2.6 to 28.5 mg% (mean 8.1 mg%) during this period. 
Nine patients had clinical and laboratory evidence of acute hepatic dys­
function within the first week postburn. In the other two patients, 
Initially normal liver function deteriorated following episodes of con­
gestive heart failure and cardlogenlc shock. All patients In this group 
became Jaundiced as their clinical course was complicated by pneumonia, 
septicemia, respiratory Insufficiency, or cardiovascular instability. 
A cholestatic picture emerged In these patients and was characterized 
by a conjugated hyperblllrublnemia and elevation of alkaline phospha­
tase (up to four times normal) out of proportion to changes In the 
other enzyme levels. 

Ten of the 11 patients died from complications developing late in 
their postburn course. Death attrlbutabte to fulmlnant hepatic fatlure 
did not occur. Extrahepatlc biliary disease was not encountered. 

NORMAL LIVER FUNCTION 

Thirty four patients (42%) were considered to have normal liver 
function. A mean age In this group of 32.9 years was comparable to the 
mean age of patients with acute liver dysfunction. The mean burn size 
In this group, however, was only 30% TBS, and mortality was only 8.8% 
(three of 34 patients). Serum transaminase values were increased 
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(less than twice no,rmall In ten of these patl.ents, b.ut hepatomegaly- was 
not pre~ent. l~olated, abnormal alkaline phosphatase elevations devel­
oped In ten otfter patients· wi•th.ln the first week postl>urn, 6ut could 6.e 
expl alned by f;one fractures or orthoped t·c procedures (amputatl'ons, 
Joint plnntng, skeletal tractionl. Six patients developed transient, 
nonspecific enzyme changes associated with drug reactions, thrombo­
phlebltls, or multiple administrations of anesthesia; four other pa­
tients had acute hemolytic episodes lnmedlately postburn. One patient 
admitted with normal liver function developed an Australia antigen post­
tive hepatitis on the 146th day of hospitalization. 

LIVER HISTOLOGY 

Liver tissue was available from the 34 patients who came to autopsy. 
In each case, the liver was enlarged at postmortem examination. Histo­
logical abnormalities, however, were usually nonspecific and did not 
correlate with the degree of enzyme derangement manifested clinically. 
Va~uolizati on of centrllobular hepatocytes, sinusoidal congestion, and 
mild inflammatory infiltration of the portal tracts were commonly 
present. Fatty changes were mild and centrllobular. All of these 
changes could be present as early as 48 hours postburn. Infiltration of 
fat was rarely a predominant histological feature even In patients dying 
after a prolonged hospital course. 

Canallcular cholestasis was present in the liver of Jaundiced pa­
tients. Acute and chronic inflammation of the portal tracts, inflam­
matory foci within the hepatic parenchyma and Kupffer cell hyperplasia 
distingu ished the jaundiced patients wh0 were septic. Only one of the 
patients dying in shock had severe cen t r ilobular necrosis. 

DISCUSSl')N 

Clinical and laboratory evidence of hepatic damage was present soon 
af t er major thermal injury In 58% of pa t ients evaluated prospectively. 
En zyme patterns consi s tent with acute h molysis and hepatocellular in­
jury characterl z~d the early postburn e r iod of these patients. Acute 
li ver damage app ared to be related tn ' e sever i ty of thermal injury. 
Pa ti ents manlfes ing acute liver inj ur' h·ad a larger mean burn s ize 
(5"' . 9% TBS vs. ~ T : ) and higher ma r , ; I ity (74 .5% vs. 8.8%) : n pa­
ti nts admitted ·i t h normal liver fun cr ·,m. 

The magnit u ~ the initial enz ,, derangement did not di' -; inguish 
t h,~ survivors f r m among the patients 1 • th large burns. The appearance 
of jaundice, how1.- v r . was associated 1 1 1• a poor prognosts . S "'·n teen 
of he 19 patient,; w, rh Jaundice (90%) lied. Pati ents who 6ec J1 i~ 
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Jaundiced wtthln the first week postburn nad a larger mean burn size than 
other pati·ents· as ~ell as cllnrcal evidence of hemolys-is·. Patients who 
developed Jaundl·ce late tn their hospi"tallzatl'on were s·eptlc or hypoxic. 
Their liver dys-functlon probably reflected the hepatic response to 
these clinical complications. A conjugated . hyperbilirubinemla assoct~ 
ated with a predominant alkaline phosphatase elevation suggested a 
"reactive hepatttis" in these patients (Vermlll ion SE, Gregg JA, 
Baggenstoss AH, Bartholomew LG, Arch Int Med 124:611, 1961;8Neale G, 
Caughey DE, Hollin DL, Booth CC, Brit Med J 1:382, 1966). • Postmortem 
liver histology supported this diagnosis. The elevated bilirubin level 
probably reflected the delivery of an increased pigment load (resulting 
from shortened red blood cell survival and multiple blood transfusions) 
to a compromised liver. Serum bilirubin levels could vary while enzyme 
levels remained unchanged. 

The etiology of acute hepatic disease following thermal injury Is 
unknown. Animal studies suggest that hepatic blood flow can be sig­
nificantly diminished immediately after burning (Dobson EL, Warner GF, 
Clrc Res 5:69, 1957).9 The early appearance of liver injury in patients 
with large burns suggests the possibility of acute hepatic ischemia 
occurring at the time of thermal injury. Histological abnormalities of 
the 1 Iver were predominantly centrilobular, although frank centrilobular 
necrosis indicative of severe hepatic ischemia was rare. Liver disease 
could be present without clinical signs of shock. 

Although the 1 Iver Is vitally important for the clearance and de­
toxification of bacteria and endotoxin (Farrar WE Jr, Corwin LH, Ann NY 
Acad Sci 133:668, 1966) , 1 an increased risk for septic compl !cations in 
the burned patient with liver disease could not be determined in this 
study. Patients who deteriorated clinically with the d~velopment of 
septicemia, respiratory insufficiency, or cardiovascular instability 
had a simultaneous decline in liver function. Patients with acute 
hepatocellular Injury who improved clinically resolved their enzyme ab­
normalities. In these patients, the serum alkaline phosphatc:.se levels 
tended to rise up to twice normal levels and persist after the other 
enzymes had normalized. This could be a reflection of hepatic regenera­
tion, as has been described in patients recovering from acute viral or 
alcohoJ;c hepatitis (Ross RS, lber FL, Harvey AH, Amer J Med 39:850, 
1956) • 

Although florid hepatocellular necrosis was not usually encountered, 
the metabolic functions of the liver could have been severely impaired 
in all of these patients. Experimental studies substantiate this possi­
bil lty (Cajone F, Ra~notti G, Bernelli-Zazzera A, Bassi _H, Exper Molecular 
Path 14:392, 1971). 1 A better understanding of the etiology of acute 
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liver dysfunction In the burned patient may lead to better methods of 
maintaining and Improving hepatic function. All of the 111 effects of 
Impaired liver function upon the convalescent course of the thermally 
Injured patient may not be appreciated until these methods are developed. 
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ABSTRACT 

PROJECT NO. 3Al61102B71P-OI, BASIC RESEARCH IN SUPPORT OF HlLITARY 
MEDIC ~E 

REPORT TITLE: USE OF THE HYPOXIA - INDUCED POLYCYTHEHIC HOUSE IN 
THE ASSAY OF ERYTHROPOIETIN IN BURNED SOLDIERS 

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

Period covered in this report: July 1973 - 30 June 1974 

Investigators: Philip W. Rogers, H.D., Major, MC 
Willard A. Andes, H.O. Major, HC 
John W. Beason, SP4 
Lee Elrod, SP4 
Calvjn R. Kennedy, BS 

Reports Control Symbol HEOOH-288(Rl) 

The measurement of human uri nary erythropoietin (erythron stimu­
lating factor - ESF) as the stimulus for erythrocyte production has 
only recently been attempted in the burned patient. Bleeding, hemo­
lysis, a hypercatabolic state, Infection, surgery and a variety of 
complications related to the burn have made the evaluation of anemia 
in burn patients difficult In most instances. Measurement of human 
ESF was performed with an In-vivo bioassay utilizing hypoxia-induced 
polycythemlc mice. A dose-response curve was established which par­
alleled that previously reported for this bioassay. Urinary ESF 
excretion from normal volunteers was assayed. In addition, urinary 
ESF was assayed in five thermally injured patients with a spectrum of 
burn sizes. Our studies reveal that, in contrast to reports by other 
investigators, urinary ESF excretion is frequently elevated in the 
burned patient. Patients with iron deficiency, polycystic renal dis­
ease, and erythroid aplasia have also been studied. It would appear 
that a reproducible and clinically useful assay for the measurement 
of ESF has been established and is now available for use in the cli n­
ical investigation of anemia of thermally injured patients. 

Erythropoietin 
Anemia 
Burned soldiers 
Renin-angiotens;n 486< 
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USE OF THE HYPOXIA INDUCED POLYCYTHEMIC HOUSE IN THE 
ASSAY OF ER\'' ,· IROPOIETIN IN BURNED SOLDIERS 

The relationship of erythropoletin (erythron stimulating factor 
-ESF) to the anemia and postburn course of the thermally Injured 
patient has not been studied in detail. Although one investigator 
noted what was felt to be a deficiency of ESF in the burned patient, 
those studies were unaccompanied by certain pertinent facts necessary 
to completely evaluate the data (Roblnson 1H, Honafo W, Saver SH, 
Gallagher NI: Ann Surg 178:565-572, 1973) . We have established a 
bioassay for human ESF utilizing the hypoxia-induced polycythemic 
mouse (Adamson .I,/, Alexanian R, Martinez c,

3
: inch CA:Blood 28: 254-2&4, 

1966; 2 Adamson JW:Blood 32: 597-609, 19b8). This in-vivo assay 
!~tlmates functional ESF by measuring the Incorporation of radioactive 

Fe Into the erythrocytes of the polycythemlc mouse. The utilization 
of this bioassay and other diagnostic aids should allow us to define 
some of the causes for anemia in the thermally injured patient. 

MATERIALS AND METHODS 

Swiss Webster mice 11-17 weeks .old at the time of assay were 
obtained from the Carworth Corporation, Division of Becton-Dickinson. 
Al I mice received 4 mg Iron dextran•·· by intramuscular injection just 
prior to the Institution of hypoxia. The animals were then accliml­
tlzed to a 0.4 atmosphere hypobaric chamber over a period of a few 
days and then subjected to approximately 200 hours at 0.4 atro~pheres 
intermittently for twelve hours a day for 2-3 weeks. Hematocrics at 
the time of removal from the chamber were generally greater than 50 
(mean 62) and any animal with an hematocrit less than 51 was not used 
in the ass~y. A regular laboratory diet was maintained in the chamber 
and for 48 hours following cessation of hypoxia. The animals were 
then divided into groups of 4 or 5 and given a protein depletion diet*. 

All human urines were concentrated against dry carbowax.± The 
concentrated urine was assayed for pota~sium. Those urines with a 
markedly elevated final potassium were diluted appropriately to in­
sure survival of the mice. Urines were concentrated to a final vo.­
ume of 50 to 150 ml. One ml Injections of concentrated urine were 
given lntraperitoneally to each mouse every 12 hours for 4 days. 

Twel~§ hours after the last urine concentrate injection, 0.8 
•2 µc of Fe as ferric citrate in normal saline was injected intra­
peritoneally. Forty-eight hours after the Injection of radiolron, 

*Imferon, (R) Lakeside Laboratory, Wisconsin. 
,•.-.·.- Nutritional Biochemical Inc, Ohio 
i Union Carbide Corp, Seattle, Washington 
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each animal was weighed and sacrificed under ether anesthesia. Blood 
(0.5 ml) was obtained from the axillary artery for counting and dupll• 
cate mlcrohematocrlt determinations. The erythrocytes were washed 
three times with heparlnlzed saline and pipetted Into a counting tube 
for counting on a Packard Model 3002 scintillation spectrometer. A 
standard was prepared from the ferric citrate solution, and counted 
In triplicate. Percent utilization of Iron for hemoglobin synthesis 
in each animal was calculated by the following formula: 

% Utilization = (RBC counts)(Anlmal weight in grams) (15) 
Injected Activity 

The factor 15 was used to relate radioactivity present In the sample 
of red cells to the total blood volutne by multiplying by 2.0 (con­
version of 0.5 ml blood to I ml) and 7.5 (the blood volume of the 
polycythemic mouse expressed as percent of body weight). 

In calculating urinary ESF excretion the mean percent of radio­
Iron utilization In each group of mice was used. This was converted 
to units of ESf Injected by reading the total number of units injected 
per mouse from a standard dose response curve established in our 
laboratory (Adamson .Al, Alexanian R, Martinez C, finch CA:Blood 28: 
254-264, 1966)~ In establishing this curve, known doses of erythro­
poietln standard S-,h': In saline were Injected. (Cotes PM, Bangham DR: 
Bull. Wld Hlth Org 35:751-7&0, 1966)~ This dose r!sponse curve, con­
fidence limits, and coefficient of information (r) are given in Flg­
ur~ I. The 12 hour erythro~oletin excretion was calculated by first 
dividing the estimate of total units injected per mouse by ij. This 
fl9"re (units ESF/ml) was thon multiplied by the total volume of the 
concentrated urine specimen to give the number of units excreted in 
the time period being assayed. A sample calculation and a sunwnary 
of such calculations is shown below. 

CALCULATION OF URINARY ESF 

I) Mean 59Fe Incorporation - sailne control = (A) . 

2) For (A), read dose administered from Dose-Response curve (B) 

3) Divide (B) by ij = Injected units/ml = (C). 

~·.--.':Ki nd I y prov I ded by the 
London, Er.gland 

I: See Tab le II 

National Institute for Medical Research, 
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4) Twelve hour urinary ESF = (C) X (final concentrated urine volume, 
ml) 

;. 
D.J., 10/02/73 (Study IX) 

% Incorporation= 10.96 

8 = 1.00 Unit 

C = 1.0/8 - 0. 125 

Final urine concentrate volume= 92 

12 hour ESF excretion= 0.125 X 92 = 11.5 units 

RESULTS 

The dose response curve shown in Figure I was used ~o calculate 
all s1bsequent erythropoietin excretion rates. The e~ythro;,oietln 
excretion for a twelve hour period (1800-0800) by 6 healthy labor­
atory volunteers Is shown in Table I. 

The values calculated in five burn patients at various days post­
burn as well as the values in a few other patients with medical Ill­
nesses are given in Table II. Table III displays duplicate determin­
ations on the same sample assayed at different times. 

DISCU'iSION 

From these results it appears that a satisfactory bioassay for 
the measurement of human erythropoietin as described by Adamson has 
been established. Ou; dose response curve and normal controls are 
comparable to his measurem~nts. The reproducibility of our assay was 
evaluated during different assay periods and is shown in Table III. 

The erythropoletin excretion values in the burn patient were mark­
edly elevated in some cases. The significance of such elevations 
remains to be determined. Certainly, these patients seem to have 
responded to a stimulus for accelerated erythrocyte production by 
increasing the amount of measurable erythropoietin excreted daily. 
Fairly wide variations (Table II) in ESF excretion in 12 hour urine 
collections are well known (Adamson JW, Alexanian R, Martinez C, 
Finch CA:Blood 28: 254-264, 1966)~ Values given in Table II for pa­
tients with other illnesses are comparable to those measured in sim­
ilar situations by other Investigators (Alexanian R:J Lab Clin Med 82: 
438-445, 1973)5. 

489< 



C
 

0 ; 0 ... 
..:

t 
0 Q

. 
' 

~
 

"'
 

0 
..:

t 
u C

 -
O

I .,, 4D
 
~
 

~
 

15
 

10
 

5 

D
os

e 
R

es
po

ns
e 

C
u

rv
e

 f
o

r 
th

e
 

B
io

ss
a

y 
o

f 
E

ry
th

ro
p

o
ie

ti
n

 
w

ith
 

9
5

%
 

C
o

n
fi

d
e

n
ce

 L
im

it
s
 

y 
=

 1
2

·6
X

-.
1.

61
 

R
2

• 
0

. 
8

3
 

0
.5

 

,-
._

 

1.
0 

U
ni

ts
 o

f 
E

ry
th

ro
p

o
ie

tln
 S

ta
nd

ar
d 

B
 

F
ig

u
re

 
4

9
0

<
 

1.
5 



~
 
~
 
~
 " 

TA
BL

E 
I 

TH
E 

ER
YT

HR
OP

OI
ET

IN
 

EX
CR

ET
IO

N 
FO

R 
A

 lV
EL

V
E 

HO
UR

 
PE

RI
OD

 
US

IN
G 

SI
X

 H
EA

LT
HY

 
LA

BO
RA

TO
RY

 
VO

LU
NT

EE
RS

 

~
 

B
.E

. 

B
.E

. 

S.
K

. 

H
.C

. 

B
.A

. 

B
.A

. 

H
.E

.R
. 

E
.L

.R
. 

ER
YT

HR
OP

OI
ET

IN
 U

N
IT

S/
12

 H
O

~S
 

HE
AN

 
=

 1
.5

6 

S
.D

. 
=

 0
.4

4 

I.
 1

6 

1.
32

 

1.
65

 

1.
01

 

2.
28

 

2.
06

 

I.
 70

 

1.
31

 

~
 

V
, I 

V
, 



,,s- ·, 
( 

TABLE II 

RESULTS OF URINARY ESF EXCRETION IN PATIENTS WITH A 
VARIETY OF ILLNESSES 

UNITS STANDARD I 
MTJENT AGE DIAGNOSIS DAY POST IURN HCT ESF EXCRETION/ 12 H1)URS 

D.J. 17 57l TIS lurn 2 lt7 7.6 
3 37 11 . s ,. 37 12.3 
s Al4 31+ 8.2 

PM 28.0 
6 32 9.2 
7 36 17.9 
8 )It 6.6 
9 31+ 17.2 

19 AM 36 7.2 
PM 36 15.0 

20 36 
29 AM 36 lt.S 

"' 9.8 
l+S 37 I. 2 

W.T. 27 65% TIS lurn ,. 36 17.6 
s 32 0.08 u/ml 
7 32 12.7 

E.A. 29 '47% TIS Burns 2 AM 39 2.9 
PM s.1t 

II AM )It ..... 
"' 21t.8 

29 35 2.3 
30 32 ,.1 
so 32 6.3 
56 39 S. I 
57 35 3.2 

R .... 16 11+ . 5% TIS Burns 2 lt6 lt .9 
3 1ts 7.3 
7 AM 38 S.6 

PM 6.o 
8 AM 37 lt.7 

PM 3.3 
23 AM 35 3.7 

PM 1.6 
52 2.0 
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) TAILE II 
(Continued) 

DAY UNITS STANDMD I MTIENT DIAGNOSIS POSTMN NCT ESF OCRETION/2~ HCIUllS 
R,N, JOI TIS lurn1 J 118 ~-• 10 JO 62 .6 

23 32 20.8 
S6 J7 ~.6 

R,11, Erythrold Aplasla 22 11.2 
E,H. Iron Deficiency Anal• 2~ '9.0 
A,D, Iron Deficiency Anal• 28 )J.O 
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Thus, the anemia of chronic renal failure Is often associated 
with low or absent erythropoletln excretion while patients with 
aplastlc anemia or iron deficiency may elaborate large quantities of 
biologically active protein. Future studies will Involve the use of 
this assay In determining the erythropoletln excretion In specific 
cl lnical situations In the burn patient. Definitive conclusions 
await the canpletlon of assays and related studies now underway In 
th Is I aboratory. 
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2s. (U) 73 07 . - 73 12 At the COffl> 1 et ion of this study, it was determined that 
ketamine signific.,tly increases the incidence and severity of ulcers utilizing 
the restraint technique. In addition, manipulations with pharmacologic agents know, 
to influence the incidence and severity of ulcers in this model have demonstrated 
that this potentiation is related to the effect of ketamine on vascular tone and 
integrity. 
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ABSTRACT 

PROJECT NO. 3A162110A821~oo, COMBAT SURGERY 

REPORT TITLE: THE EFFECT OF KETAHINE ON STRESS-INDUCED ULCERATIONS 
IN THE RAT - A .,.,DEL OF THERMAL INJURY IN TROOPS 

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

Period covered in this report: I July 1973 - 30 June 1974 

Investigators: David H. Cheney, HD, Hajor, ft:* 
Stephen Slogoff, HD, Major, HC 
Gary W. Allen, HD, Hajor, HC 

Restraint of rats in wire mesh for four hours produces ulcers 
histologlcally similar to human stress ulcers. Ketamine, alone, was 
incapable of.producing ulcers. However, when given to rats prior to 
restraint, ketamlne Increased the Incidence of ulcers from 35 per cent 
(restraint alone) to 98 per cent, and the lesions produced were more 
severe. Phenoxybenzamlne and halothane blocked the potentiation of 
restraint-Induced ulcers by ketamlne, suggesting that the action of 
ketamlne is mediated by vasoconstrlctlon. Antihistamine pre-treatment 
with promethazlne was without effect. Since analysis of the authors• 
large experience in burned patients receiving ketamine and review of 
the literature revealed no data suggesting human counterpart for this 
phenomenon, no absolute guidelines for alteration of clinical usage 
should be Invoked without further Investigation. 

*From the Department of Anesthesiology, Brooke Arffft( Medical Center, 
Fort Sam Houston, Texas 78234 

Ketamlne 
Stress ulcer 
Rats 497< 
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THE EFFECT OF KETAHINE ON STRESS-INDUCED ULCERATIONS IN THE 
RAT - A HODEL OF THERMAL INJURY IN TROOPS 

Acute ulcerations of the stomach or duodenum associated with ther.­
mal Injury were first described by Swan in 1823 (Swan J, Edinburgh Hed J 
19:344, 1823).1 Stress ulcers were recognized by Curling In ten burned 
patients In 1842 (Curling TB, Hedlco-Chir Trans (London) 25:260, 1842) ,2 
and are now recognized as che majc•r gastrointestinal cause of rrorbidlty 
and morta 11 ty In pat tents HI th burns. Pruitt, Fo 1 ey, and Honer I ef 
(Pruitt BA Jr, Foley FD, tik>ncrlef JA, Ann Surg 172:523, 1970)3 reported 
the development of such ulcers In 11.7 per cent of 2,772 thermally In­
jured patients. In a smaller series of 98 patients with ulcers, they 
observed 70 per cent mortality from this cause (Pruitt BA Jr, Foley FD, 
Moncrief JA, Ann Surg 172:523, 1970),3 

Historically, at the United States Army Institute of Surgical 
Research, Curling's ulcers have appeared in clusters, separated by rela­
t ively long quiescent Intervals only to recur again. In 1972, such an 
outbreak developed coincident with a marked increase in the usage of 
the dissociative anesthetic, Ketamine. Although k~tamlne has signifi­
cant autonomic propertle ~, a review of the literature revealed no sub­
stantive data concerning its effects on gastrointestinal physiology. 

The rat restraint model first described by Rossi (Rosti G, Bonfils 
S, Lieffoogh F, et al, CR Soc Biol (Paris) 150:2124, 1956) allows study 
of a reproducible lesion In the glandular portion of the murine stomach 
hlstologlcally similar to the human stress ulcer. The Incidence of 
ulcer formation produced by this rrodel may be · selected by varying age, 
weight, and duration of restraint, and by drugs or surgical manipula­
tions known to Influence human ulcer formation. Several reported 
studies have shown that this technique yields reasonable reproducible 
results (Hanson HH, Brodie DA, J Appl Physlol 15:291, 1960; Brodie DA, 
Hanson HH, Gastroenterology 38:353, 1960; Henguy R, Am J Digest Dis 
5:911, 1960; Brodie DA, Marshall RW, Moreno OH, Am J Physiol 202:812, 
1962).5-8 

A study was Initiated using this model to investigate the influence 
of ketamlne on the formation cf stress ulcers, and, if such an effect 
existed, to delineate the mechanism of action. 

METHODS 

Sprague-Dawley rats, weighing 150 to 175 g, were restrained with 
wire screen mesh for four hours to produce stress ulcers. This was 
preceded by 48 hours of food deprivation, with water available ad lib, 
a maneuver which has shown to decrease the duration of restraint re­
quired to produce lesions. All unrestrained controls underwent 48 hours 
of food deprivation and were totally starved during the four-hour period 
during which they would have been restrained. 
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Ten different experiments were performed. These can be separated 
Into three serlef for ease of understanding (Table 1). Serles I In­
cluded three grou~1: A, untreated and unrestrained; B, ketamlne and 
unrestrained; C, ur,':nated and restrained. Serles II Included only 
rats treated with ke tamlne prior to restraint (Group D) to evaluate 
the Influence of the drug on ulcerogenesls. Serles 111 was performed 
to evalu~te the effect of various pharmacologlc agents on ulcer forma­
tion both In restrained animals without ketamlne and In animals treated 
with ketamlne prior to restraint. This series Included Groups E, 
halothane and restraint; F, halothane, ketamine, and restraint; G, 
phenoxybenzamlne and restraint; H, phenoxybenzamlne, ketamlne, and 
restraint; I, promethazlne and restraint; J, promethazlne, ketamlne, 
and restraint. Each matched pair In Serles Ill was studied In conjunc­
tion with rats from Groups C and D to provide controls for statistical 
analysis. In addition, each experiment was performed at least twice In 
different populations of rats to confirm the rel iabi I ity and reproduci­
bll lty of the technique. 

Ketamlne (75 mg/kg) was administered lntraperltoneally, followed 
by restraint after the onset of unconsciousness (3-5 minutes). Halo­
thane (I per cent In oxygen) was given contlnuou~ly via a rat anesthesia 
box, starting Immediately after restraint and continuing to the conclu­
sion of the four-hour study period. Phenoxybenzamlne (I mg/kg intra­
venously) and promethazlne (20 mg/kg lntraperitoneally) were injected 
one hour before Initiation of restraint. 

After the four-hour control or restraint period, the animals were 
sacrificed with an lntrathoraclc overdose of pentobarbltal sodium. The 
stomachs were removed and labelled with suture material to maintain a 
coding system. The organs were Inflated with 0.9 per cent sodium 
chloride solution and dipped in 0.4 per cent formaldehyde solution for 
30 seconds before they were opened. T~ Investigators, working sepa ­
rately and blinded to the manipulations performed, examined all coded 
stomachs at the c~n ~luslon of each experimental period. Each stomach 
was evaluated for tt.1;; presence or absence of ulcers. A subjective 
estimate of severity of the lesions was made In each group. 

The statistical significance of differences between the Incidences 
of ulcers In control and treatment groups was determined for each sepa­
rate experiment using the four fold table test (Oiems K, Lentner C, · 
Scientific Tables, Ciba-Geigy Limited, Basie, Switzerland, 1970 p 123),9 
The same groups from different experiments were then combined for cl ~r­
lty In presentation of the results. Per cent incidence and 95 per cent 
confidence limits (Dlems K, Lentner C, Scientific Table s , Ciba-Geigy 
Limited, Basie, Switzerland, 1970, pp 85-97)10 were used to reveal the 
substantial differences which existed among the various groups. 
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Table I. 

EXPERIMENTAL DESIGN AND RESIJLTS 

, 
Phenoxy- Pl'Ollleth-1 Per Cent 

Restraint Kat•lne Halothan• benu111ln• azlne 1NUfflber ·Incidence 

S.rlH I 

Group A 
! 

li6 2.1 

I 
(0.06-11.53)• 

lroup I X io 0 
(0.00-16.M) 

Sroup C X 97 35 
! (25.6li-li5.lil) 
! - · 1 

S.rlas II : 

Group D X X l 66 ,a.Ii 
(9 I • &At-99. 96) 

' 
Serles 111 ; 

Group I'. X X ! 20 0 I 

I (0.00-16.&At) 

Group , X X X I 20 0 
I (0.00·16.81i) 

Group G X X ! 22 36.li i 
I (17,20-59,31i) 
: 

'roup H X X X 21 33,3 
I 

(llt.59·56.97) : 

lroup I X X 33 36.li 

' 
(20.lio-sli.88) 

lroup J X X X 
I 

21 85,7 ; 

I (63. 66-96. 95) 

' 
•,s pe r cent confidence I l • lu. 
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RESULTS 

The data reported represent the 366 of 380 rats which survived the 
four-hour restraint or control periods. Mortality in the 14 nonsur­
vivors was attributed to either drug overdose or respiratory embaras­
sment from the restraint device. 

Serles I 

Group A (those rats receiving no drugs or restraint) yielded one 
animal with ulcers in 46 trials (2.1 per cent). Group B, ketamine 
without restraint, developed no ulcers (n•20). In Group C, restraint 
only, ulcers developed In 34 of 97 rats (35 per cent) (Table 1). 

Serles 11 

Rats undergoing restraint after ketamine pretreatment (Group D) 
had an Incidence of ulcers of 98.4 per cent in 66 rats (Table 1). 
Ketamine significantly increased the incidence of ulcers In restrained 
rats (PC .002). Animals receiving kelamlne were unconscious for ap­
proximately an hour of the restraint period and appeared more agitated 
than the restraint-only animals for about 30 minutes after emergence. 

Series 111 

In order to elucidate the mechanism of ketamine potentiatlon of 
stress ulcers, halothane was administered to restrained animals (Gr~up 
E) and to rats receiving ketamine prior to restraint (Group F). No 
death occurred in animals receiving both halothane and ketamine. No 
ulceration was found In either of these two groups, and the differences 
between these and the control groups, C and D, were significant 
(P<.05), Because halothane has known vasodilating properties, it was 
decided to evaluate the effect of phenoxybenzamine, an alpha-adrenergic 
blocking agent, on the formation of these lesions. After phenoxybenza­
mine pretreatment, ulcers occurred in 36.4 per cent of restrained ani­
mals, an Incidence not significantly different from that found after 
restraint ~lone. Following phenoxybenzamine pretreatment, however, 
restraint and ~etamine produced an incidence of ulcers (33,6 per cent) 
significantly lower than that found with restraint and ketamine alone 
(P< .01). Promethazlne was given to two other groups of rats to de­
tennlne whether the effect of phenoxybenzamine might be related to its 
antlhlstamlnlc properties. Promethazlne, however, produced no signifi­
cant difference In ulcer formation in either the restraint-only or the 
ketamlne-restralnt group (Table 1). 

According to severity or intensity of ulceration, the rats fell 
Into two distinct populations. Ulcers found with ketamlne and restraint 
(Group D) and with promethazlne, ketamlne, and restraint (Group J) were 
1nultlple, large, and associated with large amounts of blood in the 
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stomach and with massive small Intestinal lieus. Ulcers In the other 
groups were small, wfth minimal blood In the stomach and no lieus. 

DISCUSSION 

Brodie and Hanson have demonstrated that ulcer development in the 
model used fn the present study depends on age, weight, duration of 
restraint, and period of food deprivation prlot to restraint (Brodie 
DA, Hanson HM, Gastroenterology 38:353, 1960). In rats with a mean 
weight of 185 g, they found a 69-75 per cent Incidence of ulcers after 
48 hours of food deprivation and six to seven hours of restraint 
(Brodie DA, Hanson HM, Gastroenterology 38:353, 1960).6 Using smaller 
rats (50-125 g), a similar period of food deprivation and four ho•,Jrs 
of restraint resulted In a 69 per cent igcldence of lesions (Hanson HH, 
Brodie DA, J Appl Physlol 15:291, 1960). In the present study, rats 
weighing 150-175 g were restrained for four hours to provide an ulcer 
Incidence of 35 per cent. This model could therefore be used to show 

• significant effects of the pharmacologic intervention upon ulcer forma­
t Ion. 

Although ketamlne alone does not produce ulcers In the unrestrained 
rat, significant potentiation by ketamine of the effect of restraint is 
evident. 

Several conclusions can be drawn from these findings regard!ng the 
mechanism of action of restraint and ketamlne In producing ulcers. 
Halothane blocks the formation of ulcers induced by restraint. To de­
termine whether this effect was related to anesthetic relief of stress 
or to vasodllatlon produced by halothane, a series of rats received the 
alpha-adrenerglc blocking agent, phenoxybenzamine, prior to restraint. 
Phenoxybenzamlne did not inhibit ulcer formation In the awake, restrained 
rat. Therefore, vasoconstrictlon does not appear to part icipate in for­
mation of restraint-induced ulcers. Moreover, these findi ngs suggest 
that halothane may prevent ulcer formation in restrained rn ts by blockade 
of conscious response to stress. 

The potentiating effect of ketamine in the restrained rat was blocked 
by phenoxybenzamine, suggesting that this action of ketamlne Is mediated 
by splanchnlc vasoconstrlction. Although phenoxybenzamlne has sedative 
properties, no distortion of behavioral response to restraint or to keta­
mlne combined with restraint was apparent when this drug was used. 
Sethbhakdl, et al (Sethbhakdl S, Roth JLA, Pfeiffer CJ, Am J Digest Dis 
15:1055, 1970),11 have shown that intraperitoneal injection of epi­
nephrine In the unrestrained rat can produce ulcers and that this effect 
can be blocked by phenoxybenzamlne. Goodman (Goodman AA, Osborne HP, 
Surg Gynec Obstet 134:563, 197212)has also produced stress ulcers in 
piglets by Inducing hemorrhagic shock. 
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Franco-Browder (Franco-Browder S, Masson GMC, Corcoran Ac ·, J 
Allergy 30:1, 1959) 13 has sh~m that phenoxybenzamine can block the 
effects of the potent histamine liberator, polymyxin B, in producing 
ulcers. Graham (Graham JOP, Lewis GP, Br J Pharmacol 8:54, 1953)14 
has also demonstrated antihistaminic properties of phenoxybenzamine. 
Therefore, the antihistamine, promethazine, which is as effective as 
phenoxybenzamine In inhib i ting histamine-Induced ulcers (Franco­
Browder S, Masson GHC, Corcoran Ac; J Allergy 30:1, 1959)13 was eval­
uated In our model. Promethazlne, however, had no effect on the inci­
dence of restraint- or ketamine-potentiated restraint-induced ulcers. 

It can, therefore, be concluded that ketamine potentiates the 
effect of restraint-Induced stress in producing murlne gastric ulcers, 
and that this effect Is probably mediated by the vasoactive properties 
of the anesthetic. 

Evaluation of the patient population during the outbreak of 
Curling's ulcers In 1972 showed that of 39 patients with significant 
hemorrhage or perforation, five had received ketamine within three 
days of the onset of the complication, All five patients had burns 
covering more than 50 per cent of the body surface area, and four were 
septic at the time of hemorr~age, factors known to predispose to the 
formation of stress ulcers (Pruitt BA Jr, Foley FD, Moncrief JA, Ann 
Surg 17~:723, 1970).3 Since, therefore, no real evidence exists that 
in man ketamlne can cause stress ulcers or potentiate known ulcero­
genlc conditions, no abso!ut e clinical guidelines can be drawn. How­
ever, ketamlne Is currently being withheld from any patient with a 
known stress ulcer at our institution. Hore investigation of the 
effects of this drug on gastric physiology is necessary since it is 
so widely used for thermally injured patients, in whom Curling's 
ulcers are a significant complication, 
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ABSTRACT 
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REPORT TITLE : EVALUATION OF STEROIDS IN THE MANAGEMENT OF INHALATION 
INJURY IN BURNED SOLDIERS 
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This project Is designed to st, ,dy the effect of steroids on patients 
sustaining inhalation injury as a c,.>mpllcation of their burn. The 
criterion for the diagnosis of inhalation Injury Is an abnormal l33xenon 
lung scan. Solu-Hedrol is the ster>ld used In a "double bl Ind" manner. 
The assessment of effectiveness of ;terolds In the management of in­
halation Injury will be based on the development of pneumonia within the 
first seven days post burn. 

To date five patients have been entered In the study. No conclu­
sions can be drawn from the study at this point in time. 

Burns 
Inhalation Injury 
Steroids 
Burn Patients 
*Nuclear Med Off, Dept of Medicine, Brooke Army Medical Center, Fort 
Sam Houston, Texas 78234 
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EVALUAT l ON OF ST ERO I OS 1.N THE MANAGEMENT 
OF INHALATION INJURY IN BURNED SOLDIERS 

With the advent of topical antibiotics and subsequent improved 
control of burn wound sepsis the respiratory tract has become a prom­
inent site of infection in patients with thermal burns. Prior to the use 
of xenon scan for early evaluation of inhalation injury, the diagnosis 
was based solely on clinical impressions namely, 1) flame burns involving 
the face 2) singed nasal vlbrissae, 3) burns sustained In a closed space, 
4) pulmonary physical flndfrgs of respiratory distress - hypoxemla, rales, 
wheezes, and 5) bronchorrhea and carbon tinged sputum. The use of the 
133xen~n lung scan has facilitated the early diagnosis of Inhalation 
Injury. 

Steroids have been used for many years In the management of respir­
atory injuries whether they be due to burns or toxic materials. However, 
the beneficial effect of steroids In Inhalation Injury is unknown due to 
the multiple variables Involved In patient care. Many Investigators 
feel that the beneficial action of steroid administration Is due to the 
anti-inflammatory effect and that early adTlnistratlon ls essential to 
achieve this effect. With the use of the 33xenon scan and clinical 
Impression, the evaluation of steroids in the management of Inhalation 
injury will be Investigated in a prospective clinical study. 

All patients admitted to the ISR within 48 hours of Injury will be 
evaluated for inhalation Injury. The crlttlrlon for the diagnosis of 
respiratory burn is an abnormal xenon scan ~Ith the retention of xenon 
for more than 90 seconds post Injection. All patients with a history 
of chronic pulmonary disease or tuberculosis as determined by the attend­
Ing physician will be excluded. Only burn patients 15-40 years old will 
be included in the study group. 

After the diagnosis of i;,nalation injury has hP.en made al I patients 
In the study will receive a standard treatment regimen. The administra­
tion of the steroids (Soli;-Hedrol, 30 mg/kg, i .v. every six hours for 
3 days) wi 11 be In a "c!"uble-bl ind" manner. Patients wl 11 be fol lowed 
until discharge or death and the hospital course evaluated. The criteria 
for effectiveness of steroids in the management of Inhalation injuries 
will be primarily based on the development of pneumonia within the first 
seven days of burn. 

RESULTS 

Five patients have been entered in the study so far. The ages have 
ranged from 16 to 49 with a mean age of 29 years. Th mean burn size 
was 52%. All patients were admitted within 24 hours of injury. Three 
patie~ts were injured in a closed space and two in an open space. Chest 
roentgenograms on admission were clear and all patients had a positive 
xenon scan. Four of the five pati ent s died. In three the major cause 
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of death was direct Inhalation In ' ry or complication of the Injury. 
All but one p1tlent received the complete cour ~ of drug therapy. One 
Individual wa:; In the study only for 24 hours at whlch time a moderate 
upper gastrointestinal bleed resulted and It was elected to discontinue 
the 11drug 11 therapy. 

DISCUSSION 

The study ls still In progress and the code has not been ·broken. 
Consequently, too few patients have been studied to draw any definite 
conclusions. 

SUMMARY 

Five patients have been entered In a prospective double blind study 
to evaluate the effect of Solu-Medrol on in~alatlon Injury. The effect­
iveness of therapy at this time cannot Ix: ascertained. 
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23. (U) To study the responses in fibrinogen, fibrin-degradation products, 
fibrinolytic activity, and other coagulation paraneters in the thermally injured rat 
model of the burned soldier. 

24. (U) Rats are given a 30% scald burn followed by resuscitation. Half of the 
animals' burn wounds are then seeded with Pseudomonas aeruginosa, ISR strain 8-28-3. 
They are sacrificed at one and four hours, one, two, three, six, and ten days postburn 
for study. 

2s. (U) 73 07 - 74 06 Infected animals were sacrificed or died within six days 
postburn while the burned uninfected animals survived. Mean fibrinogen levels in the 
burned-infected animals were higher than in the burned animals after day 1 postburn. 
Plasminogen fell drcrnatically three days po~tburn in the inflected animals but remained 
normal in the burned animals. Antiplasmin, but not antiactivator, activity was 
extremely elevated in the infected animals 6 days postburn. These studies indicate 
that fibrinolysis was markedly i~aired by burn wound infection in the rat and may be 
related to their demise. 
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Hyperflbrlnolysls occurring In the thermally Injured animal or 
soldier is a well known phenomenon. The significance, mechanisms, 
and cllnlcal lmpllcatlons of such hyperflbrinolysls are unknown. In­
fection alone may also induce a state of hyperfibrlnolysis. This 
study compared changes Induced In a group of male Sprague-Dawley rats 
given a 30% dorsal scald burn with the changes In a slmllar group of 
rats which was burned and lnmedlately seeded with Pseudomonas ISR 
strain 8-28-3. Studies performed since the last report have show~ 
that plasmlnogen values fell moderately three days postburn and pre­
clpltlously (P <.01) six days postburn in the infected animals. 

Mechanisms underlying this fall were then investigated. Serum 
from infected animals prevented lysls of clots formed in normal rat 
plasma by various methods. Potent antlplasmln activity was demonstrated 
in the Infected animals especially 6 days postburn. Euglobulln lysis 
times were prolonged in both groups of animals postburn but markedly 
so In the Infected animals six days postburn. Antiactivator content 
was elevated only at three days postburn in the infected animals. These 
studies indicate that .flbrlnolysis In the Infected animals may be mark­
edly Impaired by the development of antiplasmln activity. The identity 
of this antlplasmln, further observations of !ts effects and signifi­
cance await further investigation. 

Fibrinogen 
Antiplasmins 
Rats 
Thermal Injury 
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FIBRINOGEN-FIBRIN DEGRADATION PRODUCTS 
IN THE THERMALLY l~JURED ANIMAL 

Previous reports from this institute regarding changes In the 
extent of fibrinolysis and other hematologic indices in the thermally 
injured and thermally injured-infected rat and h1.111an have pointed 
out that certain similarities and differences may occur. Inasmuch 
as the parameters previously studied in the burned and burned-infected 
rat model (USAISR Annual R\J)Ort 1973) have shown surprisingly few 
differences, continued observations were conducted. Identical methods 
of burning, infecting, and caring for the animals were used in the 
studies to be detailed elow. 

Plasminogen as measured by the caseinolytic method of Remmert 
and Sherry was lower in the Infected animal three days postburn 
(mean 2.3 casein units per ml) than in the burned animal (normal 
4.3-4.7). Six days postburn values in the burned-infected animal 
were even lower (mean I.I units per ml) while values in uninfected 
animals remained normal throughout the studv. 

Serum was obtained from the animals by cardiac puncture and 
transfer of the blood to glass tubes. Clotting was allowed to pro­
ceed for one to two hours at room temperature. The serum was then 
separated and stored on le~ until being used the same day or frozen 
at -10• centigrade. Antip1asmln, antiactlvator and euglobulln lysls 
time tests were performed by the method of von Kaul la (Thromb. Diath 
Haemorr Vol 22: 251-262, 1969) with minor modifications. In the 
antiplasmin test 0.10 ml of serum from normal, burned, or burned-in­
fected animals was added to the test system. Blank studies -were also 
done using buffered saline. Fibrlnolysln was prepared in a 2.4 mg/ml 
solutior. In barbital-buffered sat ine and otherwise used as in von 
Kaulla's method. In the antlactivator study normal euglobulins were 
obtained from healthy normal rats by cardiac puncture In syringes 
containing 3.8% sodium citrate. In this assay, 0.05 ml of the appro­
priate sera were added to the clot system. All tubes were incubated 
In a 37• water bath (after clotting) until complete clot lysis had 
occurred. Each of these studies was done at least twice on the day 
the animals were sacrificed. Serum was pooled from 3 to 4 rats in 
each group each day. Euglobulin lysls times were done as before with 
no additions. 

When 0.05 ml serum (1% of the total volume) from the infected 
animals 6 days postburn was added to the pla~minogen assay, a 16% 
reduction was noted In the amount of casein lysed as compared with 
the same sample assayed without additions. When 0. I ml was added a 
32% reduc t ion ensued. Normal serum induced no plasmln inhibition 
when added to the test. 
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Antip1asmin activity rose dramatical l y 6 days postburn in the 
Infected animals with a mean Jysis time of more than 1400 minutes 
with a control of 17 minutes . Burned animals had no Increased anti­
pJasmin activity. Euglobu11n Jysls times were slightly prolonged In 
each group on days 1 and 3 but markedly prolonged 6 days postburn in 
the Infected animals. Antlactivator activity was increased slightly 
3 days postburn In the infected animals (280 minutes, control 40 
minutes) but had returned to normal by 6 days postburn. 

These findings would seem to indicate that although small dif­
ferences may be detected in the fibrinogen, platelet, or split pro­
duct titer in the burned or burned-infected rat, some of the most 
distinctive and perhaps important differences in their responses 
may be found in the areas of fibrino1ysis a~d its contro111ng mech­
anisms. 

Further studies will involve Identifying the antlpJasmin and/or 
ant I act I vator compounds found. Both a( 1 and ~Lg lobu 11 ns have been 
variously credited or absolved of antlpJasmln activity. Although 
Intimately associated with the animal's demise, the physiological 
and pathological effects of these compounds must be further studied 
to determine their importance. Furthermore similar techniques might 
be utilized to Investigate flbrinoJysls control mechanisms In the 
thermally Injured and/or Infected soldier. That such antip1asmlns 
can be effectively counteract~d by drugs In vitro has previously 
been shown by others and represents a potential form of therapy 
either In the rat model or the burned soldier. 

REFERENCES: 

Aoki N, von Kau11a KN: Inactivation of Human Serum Plasmlnogen 
Antiactivator by Synthetic Flbrinclysls Inducers. Thromb Dlath 
Haemorr 22: 251-262, 1969. 
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Andes WA , Lindberg RA, HcEuen DD: Hematologic Findings In the 
Burned and Burned-Infected Rat. C1 in Res (Abs) 22 : 24A, 1974. 
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23. (U) To determine the efficacy of intravenous 10% soybean oil emulstion 
(lntralipid) when compared to intravenous glucose as a source of calories for total 
parenteral nutrition in thermally injured military personnel. 

24. (U) Three isocaloric, isonitrogenous diets with different compositions of fat and 
carbohydrate were evaluated in 4 studies to determine the relative protein sparing 
effect of intravenously actninistered fat emulsion and glucose. 

2S. (U) 73 07 - 74 06 In each of four studies, thermally injured patients received 
three different diets in which the total calories and nitrogen were kep t constant 
while the fat and carbohydrate content of the diet was varied. The intravenous fat 
emulsion (lntralipid) was show, to be safe and efficacious as a calorie source for 
thermally injured patients in the previous report period. When fed the high 
carbohydrate diet and the intermediate diet, the patients excreted less urea (6.7 and 
7.1 grans per square meter per day, respectively) than with the low carbohydrate, high 
fat diet (9.1 grans per square meter per day). Although the intravenous fat emulsion 
is an excellent source of calories, the high-fat, low carbohydrate diet showed less 
protein sparing effect than the isocaloric, intermediate and high carbohydrate diets. 
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Three lsocalorlc, isonitro,~enous diets with different composition of 
fat and carbohydrate were evaluated in 4 studies to determine the rela­
tive protein sparing effect of intravenously administered fat emulsion and 
glucose. The high-fat diet contained lj08 Cal/m2/day as modified soybean 
oil emulsion (lntralipldl and 350 Cal/m /day as glucose. The intermediate 
diet contained 583 Cal/m /day as fat and 875 Cal/m2/dal as glucose. The 
high-carbohydrate diet contained no fat and 1458 Cal/m /day as glucose. 
The nitrogen source for each diet was an 8.5 per cent crystalline amino 
acid solution (Fre!'mine). The patients were mildly hypermetabolic, but 
stable, after therma·1 Injury. Each patient received 3 diets for 3 days 
each. The order iQ which d particular patient received the diets was 
randomly selected. Blood glucose, BUN, plasma insulin and urine urea 
nitrogen were measured, and the values for the third day of each diet were 
consld~red to represent the effects of that particular diet. 

Excretion of urea nitrogen was si9nificantly decreased In the patients 
on the high-carbohydrate diet (6,7 g/mi-/day, p<0.01) and the Intermediate 
diet (7.1 g/m2/day, p<0.05), when compared to the high-fat diet (9,1 9/m2/ 
day). There \,as no significant difference between the intermediate and 
high-carbohydrate diets. To determine if the effect was primarily carbo­
hydrate addition, fat intake was . kept constant at 1108 Cal/ml/day and 3 
different levels of glucose were Infused for three days each (350, 875, 
and 1458 Cal/m2/day, respectively) ·. Nitrogen excretion decreased from 
10.0 to 7,5 to 4,7 g/rnl/day, respectively, In response to increasing 
carbohydrate. Plasma insulin levels increased from 29,5 to 34,7 to 52uU/ 
ml as glucose in the diet increased. 

The data suggest that carbohydrate exerts the predominent impact on 
protein sparing during total intravenous feeding of isonitrogenous diets. 
The effect of fat and total non-protein calorie intake on ni trogen sparing 
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Is betr,g further Investigated. The aval labl I lty of Intravenous fat 
enaulslon (lntrallpid) has s_lgnlficantly increased the capacity of the 
surgeon to provide for the accelerated energy demands of the severely 
Injured soldle~. Further Investigation is presently underway to elucidate 
the optimal mlxtura of non-protein calorie sources that w{II decrease or 
prevent the extensive tissue and weight loss which results after major 
thermal Injury. 

Intravenous Fat Emulsion 
lntrallpld 
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23. (U) To study t .1e effects of escharotomy on increasing tissue survival in burned 
fingers of military personnel. 

DA 

24. (U) Among all pat ients with upper extremity thermal injury requiring escharotomy, 
one-half wf 11 al so hav,! digital escharotomy performed. The two groups wi 11 be c~ared 
to see if there is any difference in the number of phalanges lost. 

25. (U) 73 07 - 74 06 In the extremities treated with digital escharotomy, a total 
of 13 phalanges, or 7. 1 per cent of all possible phalanges, bee.we necrotic. In the 
control group, a total of 38 phalanges or 20.8 per cent were destroyed; thus, almost 
three times as many ph fi langes becane necrotic in the control group. Digital escharot 
incisions healed uneventfully in survivors, and there was no incidence of hand 
infections in either group. 
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Clrcumferentlal burns of the upper extremity, with progressive 
edema format ion under an unyielding eschar, may result In vascular 
compromise and finally fsct.emlc nec rosis. Careful physical examint!~ 
tlon, use of the Doppl~r flOW1r.eter, and judicious escharotomy and 
fasclotomy have reduceo.d the Incidence of loss of 1 lmb from this com-
pl lcatlon. Bec~use the finger has thin skin, minimal soft tissue pro­
tection, and Is supplied by two digital arteries with negligible col­
lateral ci rculation, It Is particularly at risk to vascular embar­
rassment with circumferential burns. Although the loss of some phalan­
ges may be due to the s~verlty of the Initial thermal insult, extended 
digital escharotomy might salvage fingers with marginal blood supply 
that conventional escharotomy would not preserve. 

Twenty-six circumferentially burned extremities with ~ascular 
compromise requiring escharotomy were Included In this study. By ran­
dom selection, digital escharotomv was also performed on all the burned 
fingers In one-half of the upper extremities (13) at the time the limb 
escharotomy was performed. Topical SulfamylonR was applied to all ex­
tremities and the usual treatment of upper extremity burns was fo11owed. 
Records of phalangeal or complete digital loss, as well as Incidence of 
hand Infection, were made. 

In the extremities treated with digi t al escharotomy, a total of 
13 phalanges, or 7.1% of all possible phalanges, were lost. In the 
control group, a total of 38 phalanges, or 20.8%, were destroyed. 

517< 



50-fff 

There was no lncldenc~ of hand Infection In either group. Thus, 
dlgltal escharotoo,y resulted In an Increased survival of tissue 
without Increasing the Incidence of Infection and should be con­
sidered for circumferential burns of the upper extremity an~ 
fingers with evidence of vascular e0111promlse. 
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EVALUATION OF DIGITAL ESCHAROTOHY IN THERMALLY INJURED 

HANDS OF MILITARY PiRSONNEL 

Circumferential burns of the upper extremity, with progressive 
edema fonnatlo .1 under an unyielding eschar ,nay result In vucular com­
promise and finally lschemlc necrosis. Careful physical examination, 
use of the Doppler flowmeter, and Judicious escharotomy and fasclotomy 
have reduced the Incidence of loss of limb from this complication. 
Because the finger has thin skin, minimal soft tissue protection, and 
negligible collateral circulation, It ls particularly at risk to vas­
cular embarrassment with deep circumferential burns. App reciating 
that the loss of some phalanges occurs Immediately, due to the severity 
of the Initial thermal Insult, this study was undertaken to determine 
If extended digital escharotomy might salvage those fingers with mar­
ginal blood supply that conventional escharotomy would not preserve. 

METHODS 

Fifteen patients, having 26 circumferentially burned upper extrem­
ities with completely burned fingers, and absent peripheral pulses, 
were Included In this study. The patient population ranged from five 
years to 57 years old, with a mean age of 27.2. In all 26 extremities, 
evaluation with the Doppler flowmeter revealed absence of palmar arch 
flow during the first 24 hours postburn, necessitating escharotomy. 
By random selection, the patients were divided Into two groups In the 
control group, 13 extremities had a conventional forearm and wrist 
escharo~omy, but the other 13 extremities also had extended dlg Jtal 
escharotomy. Digital escharotomy was performed through a mldlateral 
Incision along one side of the finger Into the fat. Some patients 
required supplemental Intravenous morphine before the procedure was 
performed. Hemostasls was achieved with pressure and the electro­
cautery. SulfamylorR was applied to all extremities, and the usual 
ISR management of extremity bu.-ns fol lowed, emphasizing elevation, 
no dressings, and unl lmlted exercise. The occurrence of pha langeal 
necrosis and the Incidence of hand Infection were recorded. Although 
the physicians on the research protocol performed the escharotom fes, 
most of the patients were cared for by other 111embers of the staff to 
min imize physician bias. Hands that were obviously charred on admis­
sion were excluded from the study. Significantly, the two groups 
being studied were comparable, total body burn in the control group 
averaging 67.6% as opposed to 61.9% In the group with digital escha­
rotomy, total extremity burns averaging 17.2% of total body surface 
as opposed to 17% of total body surface, second and third degree com­
ponents being comparable. 
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. RESULTS 

In the extremities treated with dlgltal escharotomy, a total of 
13 phalanges or 7.1% of all possible phalanges became necrotic. In 
the control group, a total of 38 phalanges, or 20.8%, were destroyed. 
Thus, almost three times as many phalanges became necrotic in the con­
trol group. Digital escharotoniy incisions healed uneventfully in sur ­
vivors. There was no Incidence of hand infections in either group. 
No bacterial or fungal invasion of the incisions occurred, and the 
flora of the Incisions was controlled with SulfamylonR topical chemo­
therapy. 

01.iCUSSION 

Although the importance of extremity escharotomy has been properly 
emphasized In the literature, surprisingly little mention has been made 
of the fingers, consi dering their importance. Heade, in 1958 (Heade RJ, 
Plast Reconstr Surg 21:263-271, 1958), 1 reported four upper extremity 
burns requiring escharotomy and conmented that radical finger incisions 
might have saved the distal phalanges of one bad burn. Kaplan and 
White, in 196 t (Kaplan I, White WL, Plast Reconstr Surg 28:609-617, 
1961),2 advised that incisions be made the length of the burn and that 
a mldlateral incision was preferable for the fingers. Thompson 
(Patman R, Thompson JE, Arch Surg 101 :663-672, 1970),3 in reviewing the 
Indications for fasclotomy In peripheral vascular Injuries, noted that, 
In burned patients, "sklnotomy may have to be extended to include the 
hand and fingers." No author, however, conducted any studies to de­
termine the efficacy of digital escharotomy In salvaging fingers. 

The Incidence of vascular Insufficiency of the upper extremity 
secondary to thermal Injury is significant, and, in the past year, 
15% of 300 admissions required upper extremity escharotomies, a total 
of ~6 upper extremities. After escharotomy, the return of the super­
ficial palmer arch flow is indicative of adequat~ perfusion of the 
palm, but the vascular status of the fingers is less certain. t'°y1an 
(Moylan JA Jr, Inge W, Pruitt BA Jr, J Trauma 11:763-770, 1971) 
noted that in using the Doppler flowmeter to measure digital artery 
pressure and record flow, it took up to 24 hours to detect return of 
flow In the patients with escharotomy and up to 36 hours in the non­
escharotomlzed group. Thus, the early failure to detect digital flow 
with the Doppler does not necessarily mean nonviability, nor does the 
initial presence of flow guarantee continued vessel patency through 
the period of maximum edema, the first 48 hours. The other clinical 
criteria of lschemia - skin pallor, coolness, and poor capillary 
filling are imprec se signs In a thermally · IRjured patient who may 
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have decreased cardiac output and poor peripheral perfuston responsi­
ble for the same signs. To date, there Is no foolproof cl 1·n1cal test 
to verify digital fschemla during the first 21t hours postl'njury. 

The vascular anatomy of the finger makes It particularly suscep­
tible to lschemla In thermal Injury. There are no deep venae coml­
tantes accompanying the digital arteries In the fingers, and venous 
return Is dependent on very small deep veins unrelated to the arteries 
and mostly to superficial dorsal dlgltal veins. Since dorsal bums are 
so conrnon, these veins are often directly Injured or compressed by 
edema, markedly reducing the venous flow from the fingers and In­
creasing lschemla. 

The arterial Inflow consists of two proper volar digital arteries 
from the superficial arch and dorsal arterial branches from the dorsal 
metacarpal arteries. These are small end vessels with minimal col­
lateral clrculatlon and are easily compromised. 

The Investing fascia of the vessels may also help promote lschemla. 
The c0111110n digital artery bifurcates in the palm into proper digital 
arteries under the lnterdlgltal I lgament In the lnterdlgltal fold. 
Cleland's and Grayson's ligaments form a fibrous tube around the vessel 
In the finger, extending to the DIP joint. In severe thermal Injury, 
with Increased capillary permeability, it Is possible that the vessels 
could become compressed by the overlying fascia. 

Although conventlo .• al escharotomy, extending down from the forearm 
and across the wrist, has been shown to Improve the circulation of the 
palm, there is no proof that It Improves digital survival. In fact, 
It may be harmful. Decompressing the hand may Increase flow Into the 
fingers In the high pressure arterial system without a corresponding 
Increase In outflow In the low pressure venous system, thus leading 
to more edema and decreased digital blood flow. 

In the present series, the difference In phalangeal loss between 
the two groups Is marked, almost three to one. Slgnlflcantly, all 
d?gltal escharotomles were done In the first 21t hours postburn, before 
Irreversible lschemlc changes occurred and perhaps account for the 
success of the procedure. It Is Important to emphasize that the pro­
cedure has no salutary effect on charred fingers. 

The surgeon must consider that, since 20.8% of all phalanges In 
the control group became necrotic, almost four-fifths of the phalanges 
would survive without surgical Intervention. The procedure Is Justi­
fied bc~ause the risk Is negligible and any conservation of viable 
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tissue may be of great slgnlflcance 1·n ultlmate functional results, and 
In planning the reconstruction of the hand. 

In conclusion, a controlled study of dlgltal escharotomy revealed 
a slgntflcant Increase in the number of salvagabfe phalanges. Thi•s 
procedure has mlnlmal risk and should be consfdered In pattents wfth 
vascular compromfse of the upper extremity requirtng escharotomy who 
also have clrcumferentlally burned phalanges. 
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23. (U) To evaluate the effi~acy of enzymatic debridement of burned hands with an 
assessment of grafting, early active motion, and final functional result in soldiers 
with thermal injury. 

24. (U) COfl1)arable hand burns, seen within the first 72 hours, will be treated with 
b.i.d. dressing changes and an active rang~ of motion, with the dressing kept 
continually moist with saline. The enzyme-treated hands will be covered b.i.d. with 
Travase. The nonenzyme-treated hands will be covered with either the base of the 
Travase minus the enzyme or saline soaks. No topical chemotherapy will be used. The 
wound wi 11 be monitored for burn wound sepsis with both biopsy and surface culture. 
My evidence of deterioration of the \'Cund will result in cessation of enzymatic 
debridement and application of a chemotherapeutic agent. 

25. (U) 74 01 - 74 06 At this time, only one set of synmetri cal hand burns have been 
evaluated. There was earlier separation of the eschar on the enzymatically debrided 
side at l+8 hours as c~ared to 96 plus on the saline soaked hand. During the time 
of the debridement, there was greater active range of motion in the enzyme-treated 
hand. However, the final function was excel lent in both hands, and no grafting was 
required. 
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It Is generally agreed that the long term problem with burned hands 
Is loss of function. This Is related not only to the depth of burn but 
to prolonged lnrnoblllzatlon. Prolonged lnrnobllizatlon Is due to delayed 
e·schar separation, llmltatlon of function during the period of separation 
due to hard unyielding eschar and lastly pain. Delay in eschar separation, 
and delay tn grafting are probably of more functional significance In the 
hand than anywhere e I se In the body. One remedy for th Is Is the ear I y 
surgical excision and grafting. This hds several shortcomings. With 
surgical excision viable tissue Is always removed, graft .akes are not 
always excellent and the patient Is not always a candidate for a prolong­
ed surgical procedure when It Is Indicated. It Is appealing to think 
that with use of enzymatic debrldement the eschar could be separated and 
the wound grafted at an earlier date. During the eschar separation the 
eschar would be softer, allowing a greater range of motion with earlier 
separation, grafting could be accoffl)lished sooner and there would be a 
shorter period of Immobility and a bet~er functional result could be 
anticipated. Enzymatic debrldement has not found wide acceptance at the 
Institute of Surgical Research for several reasons. It has been noted 
that after =~char separation a graftable bed was not achieved, secondly, 
that the macerated eschar provides an excellent portal of entry for bac­
teria and thirdly that the vehicle In which the enzyme was prepared may 
Interfere with topical antibiotic therapy. These factors militate 
against the use of enzymatic debridement for large areas of eschar, 
especially In areas subject to maceration. Enzymes may however be particu­
larly useful for maintaining function while debridlng burned hands. This 
study will compare the time to eschar separation, time to grafting and 
final hand function on patients with simtlar burns on both hands one 
treated with an enzymatic debrlding agent and the other with saline soaks. 

To date three patients have been studied and in all three the 
eschar separated more rapidly from the Travase treated hand. The eschar 
treated with Travase softens very rapidly and is essentially gone with 

-~~4< 



Sl-fii 

72 hours. However, In our Initial patients we have not achieved a 
graftable bed any more rapidly with Travase than !e have with saline 
soaks. The Travase treated eschar Is removed leaving a relatively slimy 
base of deep dermis which Is very tenacious and does not separate any 
faster than It does when treated with saline soaks. In the two patients 
that survt ved to leave the hos pt ta I graf dng was not accomp It shed any 
earlier In the enzyme treated hand than the saline soaked hand and at 
the time of discharge there was no difference In function, both hands 
being the same. At this time It appears as If enzymatic debrldement 
with Travase does not provide a graftable base any earlier than saline 
soaks and there Is no difference In final function. 

Travase 
Sut 11 al ns 
Burned hands 
liraftlng 
Humans 
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Sulfanylon 

I 23. (U) To C001)are silver sulfadiazine with Sulfanylon in six groups of burned 
soldiers two groups by age 16 to 40, and greater than 40, and three by burn size - 30 

I to 50 per cent, to to 70 per cent, and greater than 70 per cent. Th~ paraneters to be 
evaluated are survival, acid base balance, pain of application, bacteriology of the 
burn wound, pulmonary function, and clinical status of the injured troops. , 
I 24. (U) Burns greater than 30 per cent, seen within the first 72 hours, will be 

randomized by pairs in the aforemention~d groups and pl aced in one of the two agents. 
The pulmonary functions, acid base balance, and wound bac t eriology will then be 
followed meticulously until the eschar is entirely separated or until the patient has 
expired. 

25. (U) 73 12 - 74 06 To date, 18 patients have been studied or are being studied. 
As yet, no clear pattern of mortality or wound bacteriology has become evident. The 
silver sulfadiazine is markedly more comfortable for the patient, and seems to cause 
less hyperventilation than the Sulfanylon. My other observations will await a larger 
group of patients. 
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Since 1964 topical chemotherapy of the burn wound with Sulfamylon 
or silver nitrate has been an accepted component of burn therapy. The 
Incidence of burn wound sepsis especially In children has been markedly 
reduced by these topical agents. Stiver sulfadlazine has recently been 
employed In several burn ·treatment centers and I ts purported advantages 
are: 1) absence of carbonic anhydrase Inhibition, 2) absence of post­
application pain, and 3) possible antlfungal (Candida) activity. The 
proposed study Is to compare 200 patient's with burns greater t han 30% 
divided Into three age groups, those being 0-15, 15-40 and over 40 and 
two bum sizes 30-50 per cent and greater than 50 per cent. The patients 
are randomized by pairs In the six groups and followed by monitoring 
resuscitation, acid-base balance, and pulnonary functions as well as 
pulnonary complications, bacteriology of the burn wound and clinical 
signs and symptoms. The Indices to be evaluated are: 1) overall mortal­
ity, 2) acid-base balance, 3) bacteriology of the burn wound, 4) pain 
on application, 5) pulmonary function and pulmonary complications and 
6) clinical signs such as onset of GI function, orientation and appetite. 

Topical therapy 
Burn Injury 5~?< 
Sulfamylon (mafenlde) 
Sllvadene (silver sulfadlazlne) 
Humans 
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A PROSPECTIVE COMPARISON STUDY OF SULFAMYLON AND SILVER 
SULFADIAZINE IN THE TREATMENT OF BURNED TROOPS 

The Intent of this study Is to provide a prospective comparison 
study In six groups randomized by pairs with two burn sizes In three 
groups as to· their overall response to topical therapy with Si lva­
dene and Sulfamylon. 

The study connenced In mld-Decerrber 1973 and by IS June 1974 78 
patients had been studied. The crude survival of the patients with 
Sllvadene was 54%. The crude survival of patients with Sulfamylon was 
24% and If patients were omitted that were switched to Stlvadene because 
of severe respiratory problems, this survival rate drops to 22%. Also 
of Interest the mean burn size of the patients dying with Stlvadene was 
67% with a mean survival of 24 days, the mean burn size at death with 
Sulfamylon was 64% with a mean survival of 10 days. Acid-base balance 
evaluation revealed that unless sepsis Intervened the patients treated 
with Sllvadene demonstrated no significant abnormalities In their acid 
base balance. The patients with. Sulfamylon again demonstrated the 
previously recognized early base deficit and metabolic acidosis. Wound 
bacteriology awaits complete evaluation but tt · lllJst be stated at this 
time that the predominant organism In the Silvadene treated group ts 
Enterobacter cloacae which seems to grow In great profusion on a very 
benign appearing eschar, being found routinely In counts as high as 107 
organisms per gram of tissue. No significant Staphylococcal Infections 
occurred no r was there any significant fungal colonization of the 
Sllvadene treated wounds. The Sulfamylon treated wounds had $taphylo­
coccus sp and fungi as predominant organism. Enterobacter sp were noted 
In these wounds but less frequently than In the Stlvadene treated wounds. 
Pseudomonas sp during the period of this study were not a problem In 
wounds treated with either agent, there being one Instance of Pseudomonas 
burn wound Infection In wounds treated with each agent and a third In a 
patient being treated with saline soaks following eschar separation. On 
the topic of pain It can be said unequivocally that Sllvadene ts 
essentially free of pain and many times the patients state that the wound 
feels 1111ch better when It ts covered with Sllvadene. With Sulfamylon 
there Is Intense pain post application especially on second degree wounds 
which lasts from 15 minutes to 1 hour and on several patients required 
administration of an analgesia. Pulmonary function in the patient treat­
ed with Sllvadene ts essentially the same as in patients treated at this 
Unit earlier with 0.5% silver nitrate soaks with no Instances of the 
marked hyperventilation seen In the Sulfamylon treated patients . Hore 
Importantly there were five cases of patients treated with Sulfamylon 
that demonstrated early "white out" of the lungs snd this was not seen in 
any of the patients treated with Stlvadene. As far as clinical signs 
only general statements can be made, however, the patients In Silvadene 
had th~lr n.g. tubes removed earlier, tolerated a regular diet at an 
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earlier time and manifested less confusion, but these are only very gross 
Indices of well being. In spite of the great discrepancy fn overall 
survival of patients treated with the two agents, this difference only 
approaches statlsttcal significance .and fu.rther coq,arlson may be 
requl red. 

PRESENTATIONS AND/OR PUBLICATIONS 
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' 
23. (U) The efficacy of biologic dressing : in debriding "untidy" wounds, (2) reducing ' 
infection on granulating areas, (3) promoting healing of second degree wounds, and 
(4) as a cov~r for mesh autograft will be evaluated in burned soldiers. ' 

24. (U) The effect of homograft, porcine xenograft, ,,nd formalin-fixed xenograft 
were studied on the 4 types of wounds described above ,wid tested against the null 
hypotheses that neither is more effective than coarse mesh gauze treatment. Friedman 
two-way analysis was used to permit coo,,arison of each treatment regi r.en with gauze 
dressings. lntercoo,,arison between the biologic dressings was not made in this study. 

25. (U) 73 07 - 74 06 Twenty separate small wounds in burned soldiers were studied 
under the null hypotheses. Such studies revealed: (1) That three times daily changes 
of coarse mesh gauze was more effective than any of the biologic dressings in debriding 
"untidy" wounds; .,d (2) 24-hour applications of biologic dressings did not reduce 
bacterial populations of granulating areas any more than did frequent changes of coarse 
mesh gauze dressings. A few patients were studied to evaluate the effect of biologic 
dressings on the promotion of healing of second degree burn wounds and as a cover for 
mesh autograft. It was determined, however, that the end points involved in such 
studies were di fficult to appraise and accordingly these latter studies were abandoned. 
This type of study has provided us with a technic for exanining the effects of biologic 
dressings on patients. Accordingly, it will be continued, with slight modifications, 
for the evaluation of synthetic skin products which are currently in phase 2 testing. 
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Twenty patients with large area granulating wounds were selected for 
the study. On each patient, a small area of uniform appearing burn wound 
was divided into four subareas, and each subarea was randomly assigned 
treatment with a single twenty-four hour application of cadaver allograft, 
fresh porcine xenograft, formallnlzed xenograft, or 11wet-to-dry 11 applica· 
tions of coarse mesh gauze changed three times dally. At 24 hours, all 
four areas were uncovered. The subareas were ranked in terms of appearance 
on a "best, 11 "second best, 11 "third best," and "worsti; scale by experienced 
paramedical personnel who are not told which area received which treatment. 
Contact sponge quantitative microbiology was performed on each subarea 
before and after treatment on 17 of the 20 patients. The results of 
these rankings suggest that coarse mesh gauze, changed three times daily, 
was significantly better at improving wound appearance than any of the 
three 11biologlc dressings. :• Among the 11biologic dressings," formal inized 
xenograft was significantly the worst. There was no significant difference 
between cadaver allograft and porcine xenograft. Analysis of quantitative 
cultures was limited by the problems of applyi~g statistical methods to 
series of paired cultures whose initial values are quite different. Within 
the framework of such limitations and a 24 hour study, there was no 
significant change in surface colonization when either coarse mesh gauze 
or biologic dressings were used. As a debriding agent, gauze was superior 
to any of the biologic dressings tested. 

Burn patients 
Homograft 
Pig skin 
Biologic dressing 
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THE USES OF BIOLOGIC D~ESSINGS IN BURNED SOLDl~RS: A COMPARISON OF 
COARSE HESH GAUZE VE~SUS "Bl OLOG IC DRESS lNGS 11 ON GRANULATI.NG WOUNDS 

The use of human cadaver allograft and other "biologic dressings" 
ha s a time honored place in the t reatment of burned patients. Such 
dressings are used as autograft substi t utes, whenever donor site limita­
tions or patient considerations make autografting inadvisable. lnitially, 
cadaver allograft was used as a long term dressing, and left in place 
until rejected by the patient. The problem of allogrAf t rejection was 
circumvented by changing the "biologic dressing" every three to four 
days. Prudent physicians a l so felt that autograft take in any large 
area could be insured by first 11 testing 11 the are a with cadaver allograft. 

The use of frequent changes of biologic dressings immediately prior 
to autograftlng led to the clinical Impression that such dressings 
somehow "prepared" the granulating surface for the acceptance of auto­
graft. At least two factors are involved in the preparation of a 
granulating surface for graft acceptance. The wound surface must be 
debrided of non-viab le particulate matter and the bacterial den s ity 
should be below 105 organisms per gram. 

The purpose of this study was to determine if cadaver allograft and 
other biologic dressings improve wound appearance and surface bacteriology 
better than frequent changes of coarse mesh gauze. 

METHODS 

Twenty patients with large area granulating wounds were selected for 
the study. On each patient, a small area of uniform appearing burn wound 
was divided Into four subareas, and each subarea was randomly assigned 
treatment with a single 24 h~ur application of c~~aver al lograft, fresh 
porcine xenograft, forillalinized xenografl or 11wet-to-dry 11 applications of 
coarse mesh gauze changed three times daily. At 24 hours, all four areas 
were uncovered. The subareas were ranked in terms of appearance on a "best , 11 

"second best, 11 "third best, 11 and 11worst 11 scale by experienced paramedical 
personnel who were not told which area received which treatment. Contact 
sponge quantitative microbiology was performed on each subarea before and 
after treatment on 17 of the 20 patients. Four square centimeter gauze 
sponges were applied to each area for five seconds. The sponges were then 
shakened in five mililiters of trypt icase soy broth, from which serial 
log di l utions were cultured on trypticase soy agar. 

RESULTS 

The results of the clinical rankings are sulTJl)c1rized in Table I . 
The areas treated with "wet-to-dry" changes of coarse-mesh gauze were 
ranked "best" 19 out of 20 t Imes. Cadaver a I log raft was ranked "second 
best'' most frequently, and formal ini.iited porcine xen ·graft was ranked 
"wo rst" on 14 occasions. Applying Friedman analysis of variance to the 
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rankings (Table II), coarse mesh gauze was s_lgnlflcantly better at 
Improving wound appearance tha'n any of the three "biologic dressings." 
Ancng the "biologic dressings," formallnlzed xenograft ll)tas slgnlflcantly 
the ''worst". There was no sign I ficant difference between cadaver 
allograft and porcine xenograft . 

lnltlal cultures showed counts o& from Oto 6 x 104 organisms per 
mlliliter. StaP.hylococcus aureus, PseudonJOnas aeruglnosa, non-hemolytic 
Streptoc.occl, Providencia stuarti i, and Coryn~ba'-terla were the bacteria 
most frequently encountered. forty three per cent of the time, the second 
culture was within one log of the first culture (Table Ill}. In 29% there 
was a one log or greater decrease, but In 28% there was a one log or greater 
increase. None of the four forms of treatment significantly increased 
or decreased the number of organisms In the underlying tissue. 

Although several wounds In each subgroup appeared st erile after 
treatment, over half of these showed no growth prior to treatment (Table > 
IV). Only seven lnltlally infected subareas (Table V) showed no growth 
after treatment. 

It is important to stress the llmltatlons o'f ;;;pplylng statistical 
methods to series of paired cultures whose Initial values are quite 
different. Within the framework of such I Imitations, there was no 
significant change In the quantita tive cultures following any of the 
dressings . 

DISCUSSION 

The Intent of this study Is not to decry the use of cadaver allo­
graft or "biologic dressings." Such "autograft substitutes" may and 
should be used whenever patient considerations or limited donor sites 
make autograftlng inadviseable. Patients with large area surgical 
excisions, patients with limited donor sites, patients too sick to under-
go a formal grafting procedure, and patients with large areas of clean , 
granulation tissue who are awaiting debrldement of contiguous areas all can 
benefit from "biologic dressings". Such dressings have been demonstrated 
to decrease fluid and heat loss, limit bacterial growth, decrease wound 
pain, and facilitate movement and physical therapy. In patients with 
large open areas of granulation tissue, the "take" of biologic dressings 
may be used as a test of au tog raft "take". 

However, this study indicates that biologic dressings offer no 
advantage of coarse mesh gauze in preparing small areas of granulation 
tissue for graft acceptance. Within the framework of our study, there was 
no significant change in surface colonization when either coarse mesh 
gauze or "biologic dressings" were used. As a debrldlng agent, gauze 
was superior t o any of the biologic dressings tested. 

SUMMARY 533< 
Twenty patients with large area granulating wounds were selected 
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TABLE IV
NLHBER OF STERILE WOUNDS AT 24 HOURS

CADAVER

mLLOGKwFT

7/17

PORCINE

XENOGRAFT

6/17

FORHALINIZEO

XENOGRAFT

2/17

MESH
GAUZE

4/17

TABLE V

STERILIZATION BY DRESSING OF PREVIOUSLY INFECTED SITE

CADAVER
ALLOGRAFT

PORCINE
XENOGRAFT

2/17

FORHALINIZEO
XENOGRAFT

MESH
GAUZE

1/17
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for the study. On each patient, a sma11 area of uniform appearance 
was divided Into four subareas, and each subarea was rand011Jly assigned 
treatment with a single 2~ hour application of cadaver allograft, fresh 
porcine xenograft, formalinized xenograft, or "wet-t -dry" applications 
of coarse mesh gauze changed three times dally. At 24 hours, all four 
areas were uncovered. The subareas were rank j in terms of appearance 
on a "best," "second best," "third best," and "worst" scale by experienced 
paramedical personnel who were not told which area received which treat­
ment. Contact sponge quantitative microbiology was performed on each 
subarea before and after treatment on 17 of the twenty patients. The 
results of these rankings suggest that coarse mesh gauze, chang~d three 
times daily, was significantly better at improving wound appearance ~han 
any of the three "biologic dressings." Among the "biologic dressings" 
formalinlzed xenograft was significantly the worst. There was no signifi­
cant difference between cadaver allograft and porcine xenograft. Analysis 
of quantitative cultures was limited by the problei,.s of applying statisti­
cal methods to series of pai~ed cultures whose initial values are quite 
different. Within the framework of such limitations and our 24 hour study, 
there was no significant change in surface colonization when either coarse 
mesh gauze or biologic dressings were used. As a debriding age,,t, gauze 
was superior to any of the biologic dressings tested. 
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