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FOREWORD 

The Importance of the activities of this Institute to the 
mission of the Army should be apparent to all by virtue of the 
frequency of combat-generated burn Injuries and the number of 
military burn patients admitted to our wards each year. Hllltary 
relevance of research Is assured by the Involvement of all lnves
t l9otors In the clinical activities of the Institute. The multl
dlsclpllnary character of both cllnlcal and laboratory studies 
enables the lndlvldual skills and talents of the professional staff 
members to be applied to problems of clinical significance and 
avoids the development of "techniques In search of a problem." 

The breadth of the studies and activities reported herein re
flects the appllcabillty of knowledge of the pathophyslology and 
complications of thermal injury to the management of all trauma 
patients and the universality of the burn patient as a model of 
severe Injury. These reports also exemplify the enthusiasm and 
excellence of our professional staff members, who not only de
liver what Is popularly called health care but advance such care 
through research. It Is our present and past staff members who 
have established the national and international reputation of 
this Institute and who make this the most professionally reward
Ing assignment in the US Army Medical Corps. 

As noted In prior reports, the key to our operation Is patient 
care responsibility, which is widely recognized as critical to any 
successful medical research program. The Importance of such res
ponsibility cannot be overemphasized. The fact that this lnstitute's 
focal point is the care of severely burned soldiers and the fact 
that all research activities have at present an ultimate patient 
orientation and have in the past resulted In Improved survival of the 
crltlcally Injured would seem to question the need for repetitive 
Justification of Inves tigative relevance by ph ,·aseology and "key 
words." 
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Colonel, HC 
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23. (U) The Cl lnlcal Division of the us Army Institute of Surgical Research continues 
to serve as the major special I zed clinical treatment center for thermally Injured 
military personnel. Its objectives Include the Investigation of new diagnostic and 
therapeutic methods for optimum care of the burn patient as wel 1 as the di ssemlnatlon 
of these scientific advances to mi 11 tary and civilian medical treatment centers. 

24. (U) Thermally Injured patients, both In the Continental United States and through-
out the world, are evacuated to the us Army Inst I tute of Surgical Research for 
intensive Inpatient therapy. Carefully control led c 1 int ca 1 evaluat ion of the efficacy 
of many treatment modal I ties Is undertaken. 

25. (U) 71 01 - 71 12 During 1971, 268 pat I ents were adml tted to the Institute; 98 
pat I ents were evacuated from Viet Nam by way of Japan. Attention to ~rly diagnosis 
and treatment of inhalation injury, re-eva 1 uat ton of early fluid resuscl tat Ion 
formulae, use of Intra I tpld as a hyperallmentation supplement are cl lnlcal approaches 
to treatment, currently being assessed. As in the previous year, pulmonary lrtectlon 
with gram-negat Ive bacteria continues to be the most frequently observed complication 
of thermal Injury, and Intensive I nvestlgat Ion of methods to prevent and more 
adequately treat this car.p 11 cot I on continues. Principles of management previously 
developed at this Inst I tute remain unchanged. Several new clinical approaches to 
the treatment of severe thermal 1 nj ury and I ts comp I lcatt ons have been evaluated 
and adopted. 

·--- -· 
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ABSTRACT 
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REPORT TITLE: CLINICAi. OPERATION, CENTER FOR TREATMENT OF BURNED 
SOLDIERS 
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Investigators: Wellford W. Inge, Jr., HD, Lieutenant Colonel, MC 
P. William Curreri, HD, lieutenant Colonel, MC 
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Paul Silverstein, HD, Major, MC 
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The US Army Institute of Surgical Research during the calendar year 
1971 admitted 268 patients with thermal Injury. The Clinical Division 
places major _emphasis on providing optimal clinical care and Improving 
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existing modalities of therapy. New diagnostic and therapeutic 
regimens are outlined and activities of the Burn Center for 1971 
summarized. As In the past, maintenance of an active educat ional 
program for the military and civilian medical conwnunity In th~ 
treatment of thermally injured patients has continued. 

EvacLatlon of burn patients by our burn teams, sent either 
to Japan tor Far East casualties or within the Contln~ntal United 
States, Is our prime means of admi~slon. E;ghty-elght CONUS flights 
for 117 patients, a larger number of such flights and evacuated pa
tients than for any previous year,were performed in 1971. 

Pulmonary Infection continued to be the most conwnon complica
tion of thermal Injury and the most common cause of death. Over
all mortality rates were essentially unchanged from the prior 
two years. 

Therma 1 Injury 
Topical therapy 
Autograft 
Homogra'ft 

Heterograft 
Resuscitation 
Air Evacuat l on 
Horta 11 ty 15 
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CLINICAL OPERATION, CENTER FOR TREATMENT 
OF BURNED SOLDIERS 

The Clinical Division of the US Army Institute of Surgical Re
search continues to maintain as its primary objective the optimal 
clinical care of the thermally Injured, A constant searc~ for new 
and improved modalities of treatment of the thermally injured plays 
an important part in the research activities of this Division. With 
reduction in the total number of admissions for 1971 to 268 as com
pared to 325 In 1970, attention could more readily be placed upon 
some of these research endeavors which previously had taken a 
secondary role. Reduction in admissions was due primarily to a 
decrease in the number of patients received in transfer from Vietnam. 

In 1971,as in the previous year, burn teams from the Institute 
were sent upon request to the US Army Hospital, Camp Zama, Japan, 
for preflight evaluation and in-flight care of thermally injured 
patients evacuated from the Far Ea5t, Thirteen such flights from 
Yokota Air Force Base, Japan, to Kelly Air Force Base, Texas, were 
made in 1971, and 93 pattents were escorted to the Burn Center, com
pared to 20 flights in 1970 for 172 patients. 

In addition, there were 86 emergency air evacuation missions 
within the Continental United States, as well as one to the Panama 
Canal Zone and one to Guantanamo Bay, Cuba. Following preflight 
evaluation and treatment, 117 patients were safely returned to the 
Institute for definitive care. This is the largest number of such 
mlsslorfs, as well as the most patients so evacuated, for any year 
In the history of the Institute. 

CLINICAL MANAGEMENT 

For detailed descriptions of the management of the thermally 
Injured as practiced at this Burn Center, the reader Is referred to 
previous annual reports and numerous sc'entlftc publlcatlons from 
this Institute. The following paragraphs wlll deal primarily with 
new and current n,ethods of cllnlcal therapy. 

Continuing evaluation of the Brooke formula has brought about 
further changes In early resuscitation. In the Annual Repor , for 
1970, mention was made that collold and electrolyte solutions are 
now calculated on the basis of the measured total body surface rather 
than up to a maximum of 50% total body surface burn as the formula 
was orlglnally written. For the past six months, tn the adult 
2,000 cc of free water for Insensible lots has been eltmlnated and the 
p• tlent ls given 2 cc/kgr, burn of electrolyte solution tn the first 
24 hours. The patients are tsotonlcally resuscitated, the sodium 
of administered fluids being 142 mEq/L and chloride approximately 

16 



1-2 

130 mEq/L. Since the fluid loss into injured tissues is isotonic, 
it appears appropriate to administer what is lost. Plasma is not 
given within the first 24 hours, since it is not preferentially 
retained within the circulation. Colloid does have a greater 
volume effect than crystalloid in the second 24 hours. With capa
bilities of blood volume determination, plasma is given in the 
second 24 hours to make up for the measured blood volume deficit. 
After 48 hours, fluid administration is primarily 5o/c dextrose 
and water to maintain seru111 isotonicity and supplementary potassium 
to maintain normal serum values. In children, because of their 
greater insensible loss per body surface area, insensible water 
loss ls calculated according to the Brooke formula for children. 
Realizing that these formulas are only guides, adequacy of resusci
tation is monitored by following vital signs and urinary outp1 1!, 
with rate of administration manipulated accordingly. In mc,st adults, 
by giving isotonic fluids it has not been necessary to administer 
the 2,000 cc of insensible water, and there has been no significant 
increase in the serum sodium levels. Urinary sodium with the classic 
Brooke formula has been 3-5 mEq/L for the· first 5 to 6 days, but 
with the modified formula it has been 40-60 mEq/L by the second to 
third day postburn. Weight gain appears to be less with the newer 
resuscitation procedure. 

In an attempt to decrease the extensive weight loss and nitrogen 
depletion which characterizes the posttraumatic metabo l ic response 
following severe thermal injury, vigorous nutritional support using 
combined enteral-parenteral feedings has been in effect since 1969. 
However, the use of hypertonic nutritional solutions is not without 
hazard. Complications of central venous catheterization, associated 
sepsis and nonketotic hyperglycemic coma have been reported. Intra
lipid, a soybean fat emu 1 s ion which is i so tonic and may be ad
ministered by peripheral vein, thus eliminating some of the hazards 
associated with central feedings, has been evaluated in 12 hyper
metabolic thermally injured patients and 15 healed, convalescing 
controls. Single 500 ml units of 10"/4 soybean emulsion which pro
vided one calorie/cc were administered over a 4-hour period to these 
patients. No significant thermogenic response to the fat emulsion 
occurred in either group. Vital signs, CBC and liver function 
studies remained unchanged, Xenon perfusion-diffusion studies, 
blood gas studies and pulmonary diffusion capacity studies with 
carbon 1110noxide rebreathing tests were all normal. Fat clearance 
curves demonstrated an accelerated plasma disappearance of the 
emulsion In the acutely burned patients. This soybean emulsion ap
pears to be a promising adjunct to alimentation of the severely 
burned patient with less hazard than other hypertonic nutritional 
solutions. 

Pulmonary complications with respiratory failure continue to 
be the leading cause of death in the majority of the patients who 
expire. Inhalation injury, a complication of thermal injury, 
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predisposes the respiratory tract to infection and causes a signifi
cant Increase in the mo r tality rate associated with thermal injury. 
Early diagnosis, which ls often difficult, may permit early vigoro~~ 
therapy and thereby minimize disability and fatal septic pulmonary 
complications. Ut .il izlng l33xenon perfusion and ventilation ~ests, 
50 consecutive patients with thermal injury due to flame admilted 
to our Burn Center within 48 hours of injury were studied. The.-~ were 
15 abnormal scans and 35 normal scans. No false positive or negative 
diagnoses were made in this series , but both are possible. This in- , 
cidence of 30"/4 of the patients studied is 10 times higher than pre
viously appreciated following flame burns using the usual diagnostic 
criteria. This increased incidence represents patients in whom the 
diagnosis would have been missed for lack of definite clinical signs. 
The lung scan can be performed in acutely ill burn patients without 
active patient cooperation. Utilizing the 133xenon scan as a diag
nostic tool, further studies will be carried out to evaluate modes 
of therapy and the efficacy of drugs such as steroids. 

Our pulmonary laboratory has continued to study pulmonary patho
physiologlc changes following thermal injury. Multiple indices of 
lung function have been serially determined in 35 patients during 
the early postburn period. Often the first clinical suggestion of 
pulmonary difficulty is the dramatic development of tachypnea and 
hyperpnea on the third to fifth postburn day. This precedes by 
several days abnormal findings on chest x-ray, physical examina
tion, and In blood gases. Increases in minute ventilation were 
seen from the third or fourth postburn day until approximately the 
12th postburn day but were not significant before or after this 
period. Burn size seemed related to the increase in ventilation, 
since all patients with burns of 40"/4 or greater showed this phenome
non, whl le only one in the group with less than 40'X, total body sur- · 
face burns showed Increased minute ventilation. All patients were 
treated with Sulfamylon topically. No meaningfu l correlation could 
be made between the minute ventilatory changes and t he serum levels 
of Sulfamylon and paracarboxybenzene sulfonamide. Static lung com
pliance and dynamic lung compliance were reduced in both groups of 
patients, more severely in those with burns exceeding 40% of the 
total body surface. 'The abnormal compliance did not correlate with 
the marked change in minute ventilation. At present, the pulmon~ry 
studies suggest that the observed hyperpnea was due to an extrapul
monary cause. 

To date, we have had more than 3 years' experience with the use 
of split-thickne: s porcine cutaneous xenograft as a substitute for 
fresh human allograft. Human allograft, If available, continues to 
be our first choice as a physiologic dressing and in preparation of 
the burn wound for autograftlng. Porcine xenograft has proved to 
be a satisfactory second choice. Since there has been question as 
to the sterility of the fresh porcine xenograft, lyophlllzed porcine 
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xenograft is now being evaluated. This material has an indefinite 
storage life, Is sterile and Is easily reconstituted by soaking in 
normal saline for 40 to 90 minutes. Studies thus far would indicate 
that It ls a satisfactory biologic dressing. While porcine xenograft 
enhances healing of second-degree burns, if used to promote healing 
of donor sites, fragments of the xenograft become Incorporated into 
the healing wound and act as foreign bodies, thereby Inhibiting healing. 

In the past year, lsoprene, a synthetic material, has been used 
to fashion approximately 80"/4 of our splinting devices. This material 
offers the advantages of being easy to handle, permitting rapid splint 
manufacture and easy adjustment. It also allows for Instant splinting 
In the operating room and versatility In fabricating devices to sui t 
individual patient needs. Standardized fiberglass splints have re
mained as "back-up" spl lnts. Al though these spl lnts al low repeat 
sterilization, they are time-consuming and difficult to make, and the 
material Is not readily available. 

CLINICAL RESEARCH PROJECTS 

In addition to the Investigative studies mentioned In the pre
ceding section, additional ongoing research activities include eval
uation of the administration of growth hormone on the catabolic 
phase of thermal Injury and the effectiveness of nutritional regi
mens, etiology and control of hypertrophtc scarring, use of an in
termittent compression unit to decrease postburn edema, etiology 
and prevention of thrombophlebttls, metabolic response of hyper
metabolic burn patients to cooling, glucose metabolism In the burn 
patient, coagulation abnormalities in thermally Injured patients with 
special reference to disseminated lntravascular coagulation, and 
erythrocyte and plasma phosphollplds In the burn patient. 

EDUCATION 

The education of the military and civilian C01111lunlty In current 
treatment of the thermally lnjurrd ls an Important mission of this 
Institute. It Is accomplished through on-the-job training for sur
gical residents, physicians and paramedical personnel as well as 
numerous publications and lectures by . the clinical staff each year. 

During 1971, 4 surgical residents · from Brooke General Hospital, 
3 from Wilford Hall USAF Hospital, and 2 from civilian institutions 
participated In the clinical activities of the Institute for periods 
of from one to 6 months as part of their surgical training. A 
Public Health Service physician from the lndlan Medical Center in 
Phoenix, Arizona, participated In a 3-month training period, and 2 
medical students from the University of Texas Medical School at San 
Antonio completed 2-month assignments with the Institute. One physi
cian from Israel spent a 4-month training period at the Institute, 
and one each from Norway and Australia spent a week observing the 
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the Burn Center's treatment regimen. Two clinical clerks (Army spon
sored medical students) received practical experience on the clinical 
wards for 3-4 months. Finally, approximately 275 civilian and 125 
military physicians, students and paramedical personnel visited the 
Institute In 1971. Twenty-six foreign visitors from Australia, 
England, Finland, Holland, Honduras, lndla, Indonesia, Israel, 
Japan, Laos, Norway, Poland, Saudi Arabia, Sweden and Switzerland 
rece t ved ex tens Ive b r I ef I ngs conc.e rn I ng the deve I opmen t and ma In
tenan ~e of burn units In general and the Institute of Surgical Re
search In particular. 

Kore than 100 scientific presentations deal Ing with thermal 
Injury were presented by Division representatives at local, state, 
regional and national meetings, as listed at the end of this sec
tion of the Annual Report. 

STATISTICAL RESlltE 

During the calendar year 1971, 268 thermally Injured patients 
were admitted to the US Anrry Institute of Surgical Research, 98 
(36.6%) of whom were evacuated from the Republic of Vtetnam. There 
were 301 dispositions during this period, and all subsequ•nt data 
wlll be based upon these dispositions. 

The patients ranged In age from 11 months to 76 years and In• 
cluded 259 males and 42 females. The average age of the patients 
was 25 yeas, with an average total burn of 30.9% (13.6% third
degree burn). The average burn Index was 21.9%. Of the 301 disposi
tions, 218 ,ad third-degree burn, or 72.lfJ,. Thirty-six patients were 
under 15 years of age~ with an average age of 6.2 years. The average 
total burn tn this pediatric age group was 46%, with 36.lfJ, thlrd
degrff (burn Index 41). Thirty of the 36 patients had some third
degree burn, or 83.3%. 

There were 68 deaths among the 301 dispositions, resulting In 
an overall mortality of 22.6% as compared to last year's 21.8%. The 
average age of these patients was 24.7 years, with an average total 
burn of 60.8% (38% third d~ree). The average burn Index was 48.8%. 
Of the 68 patients, 3 (4.4%) were evacuated from the Republic of 
Vietnam, as compared to 65 patients from the Continental United 
States, which reflects the preselectlon of patients with thermal In
juries from the Far East as a result of the chain of evacuation and 
the general pol Icy of this Institute to accept only the more severe 
burn c•ses within the Continental United States. The average post• 
burn day of death was 14.9 days. Autopsies were performed on 61 pa
tients, for an 89.7% postmortem examination rate. 

Table I depicts the source of admission of patients during 1971. 
The major area, as In the past 4 years, was the Republic of Vl•tnam, 
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Table 1. Source of Aclffll II Ion, 1971 

Aru A AD AF AFD N ND VAi Other TOTAL 

ht Am,y 4 4 0 0 0 1 11 

3rd Am,y 7 3 3 3 2 8 28 

4th-5th Am,y 19 13 2 5 0 19 22 81 

6th Am,y 3 8 5 2 4 25 

GerNny 3 0 0 0 0 0 0 4 

Viet Nam 111 0 2 0 12 0 0 4 129 

A IHka 7 0 4 0 0 0 0 0 11 

Tha I land 0 0 0 0 0 0 0 1 

Canal Zone 0 0 0 0 0 0 0 2 2 

Japan 0 0 0 0 0 0 0 I 

Cuba 0 0 0 0 6 0 0 0 6 

Korea 0 0 0 0 0 0 0 

Mexico 0 0 0 0 0 0 0 

155 22 19 14 22 5 23 41 301 

A - Am,y D - Dependent 
AF - A I r Force VAi - Veterans Aclffllnl1tratlon Beneficiary 
N • Navy &, Mar I ne Corps 

Other: Civilian Emergency (15) 
DHlgnee of Secretary of Am,y (21) 
US Public Health Service Beneficiary (5) 
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with a total of 129 (42.8%) p•tlents admitted; active duty or re
tired military accounted for 196 admissions; active duty or retired 
military dependents 41; Beneficiaries of the Veterans Administration 
23; civilian emergencies 15; Deslgnees of the Secretary of the Amry 
21; and US Public Health Service Beneficiaries 5. 

The mode of Injury In patients evacuated from the Far East for 
the years 1965-1971 ts sunwnarlzed In Table 2. Striking ts the marked 
rise In Injuries due to gasoline explosions for 1971 (33%) as com
pared to previous years. The number of Injuries due to white phos
phorus Increased from 8 to 1970 to 16 In 1971, a larger number than 
In preceding years. Aircraft accidents, primarily hellcnpter, con
tinued to be one of the major modes of Injury but were reduced to 
23% as compared to a high of 30% In 1970. 

Table 3 illustrates the effect of age and total body surface 
burn on mortality. Increased mortality In the very young and very 
old Is readily seen, with 3 survivors out of 13 patients less than 
4 years of age and 2 survivors In patients greater than 60 years of 
age. Mortality of burns greater than 60% remains high despite any 
treatment modal It), .being 87.5% or more. 

The mortal_lty rates In Increments of 10% total body surface 
burn for 1968-1971 are tabulated In Table 4. Comparison with 1968 
reveals a marked Increase In the mortality for 30-60% total body 
burn group for 1969, 1970 and 1971. Even more striking Is the 
Increase In mortality at 40-50% total body surface burn In 1971 to 
41.2% as compared to 27.7% in 1970 and 12.8% In 1968. 

The survival and mortality data for patients with greater than 
30% burns (1955-1971) are presented In Table 5. No striking change 
Is noted In 1971. 

Table 6 compares the mortality of the years 1962-1963, the pre
Sulfamylon era, to 1964-1971, when virtually all patients admitted to 
the Institute were treated with topical Sulfamylon cream. Improve
ment In mortality Is seen In burns with 60% or less of the total 
body surface Involved, and essentially no. change for those greater 
than 60%. 

The average required total hospitalization for all patients 
was 50 days. The overage postburn day of admission to the Institute 
was 9 days. 

During the year, 2,998 operations were performed on 266 patients, 
an average of 10 per patient. There were 521 procedures for 197 pa
tients which required general anesthesia, an average of 1.7 per pa
tient. A total of 2,lf85 procedures were done on the ward which 
required no general anesthesia. One hundred seventy patients re
quired 414 autograftlng procedures, with an average of 1.4 per patient. 

22 



T
a

b
le

 2
. 

M
od

e 
o

f 
In

ju
ry

 -
P

a
ti

e
n

ts
 f

ro
a
 V

ie
t
~

•
 

19
65

-1
97

1 

C
au

se
 o

f 
In

ju
ry

 
19

'5
 

19
66

 
1

9
'7

 
19

68
 

19
69

 
19

70
 

19
71

 

&
a
so

ll
• 

ex
p

lo
si

o
n

 
4 

(2
11

) 
20

 (
14

1)
 

38
 {

1
~

) 
4

8
 

(1
7

1
) 

36
 {

23
1)

 
44

 (
24

1)
 

42
 

(3
11

) 

lu
m

ln
g

 b
ru

sh
 

4 
(2

11
) 

19
 

(1
3

1
) 

7 
11

 
4 

4 

V
h 

I t
e

 p
ho

sp
ho

ru
s 

3 
(1

61
) 

7 
13

 
13

 
9 

8 
16

 (
1

2
1

) 

A
ir

c
ra

ft
.a

cc
id

en
t 

2 
24

 
(1

61
) 

34
 (

14
1)

 
4

8
 (

1
7

1
) 

33
 

(2
11

) 
55

 {
30

I)
 

30
 (

21
1)

 

V
eh

ic
le

 o
v

er
 l

an
d 
•I

• 
2 

11
 

4
7

 (
19

1)
 

22
 

21
 

(1
41

) 
16

 
10

 

co
 

.. ,., ..
 

1 
11

 
1 

15
 

2 
I -

lu
m

ln
g

 t
ra

sh
 

1 
9 

29
 (

1
8

) 
19

 
0 

9 
3 

lo
o

b
y
 t

ra
p

 
1 

5 
18

 
7 

I 
6 

M
or

ta
r 

ro
u

n
d

 
0 

2
4

 (
16

1)
 

24
 
{1

0
I)

 
19

 
'O

 
7 

5 

,_
_

r
 c

ha
rg

e 
0 

5 
13

 
17

 
I}

 
15

 
6 

lo
c
k

e
t/

re
c
o

ll
le

ss
 

ri
fl

e
-t

a
n

k
 

0 
I 

19
 

38
 (

11
1)

 
21

 
{
1

~
 

12
 

9
· 

E
le

c
tr

ic
a
l 

-
-

-
4 

1 
1 

0 

N
I s

ea
 I l

an
eo

us
 

1 
11

 
8 

%
3 

5 
6 

5 

TO
TA

L 
19

 
11

t7
 

25
1 

21
1t

 
15

6 
, ... 

12
9 

2
3

 



T
ab

la
 

3
. 

A
ga

, 
lo

cl
y 

S
u

rf
ac

e 
l
n

v
o

l
-
t
 ~
 l

lo
rt

a
ll

ty
, 

19
71

 

A
ga

 
l'

er
 C

en
t 

lu
rn

 
T

o
ta

l 
T

o
ta

l 
~
 

(Y
rs

) 
0

-1
0

 
1

0
-2

0
 

2
0

-3
0

 
3D

-'
t0

 
lio

:s
o 
~
 

~
7

0
 

10
-E

 
io

=,
o 

9
0

-1
0

0
 

C
as

e1
 

D
ea

th
s 

ll
or

ta
 11

 t
y

 

0-
1 

0 
0 

I 
0 

0 
0 

0 
0 

0 
0 

I 
0 

0 

1-
2 

I 
0 

0 
0 

0 
3 

(3
) 

0 
0 

0 
0 

4 
3 

7
5

.0
 

2
-3

 
-0

 
0 

2 
(2

) 
0 

0 
1 

(I
) 

0 
I 

(I
) 

I 
(I

) 
6 

5 
83

.3
 

3
-l

t 
0 

0 
0 

0 
0 

0 
I 

( 1
) 

0 
0 

I 
(1

) 
2 

2 
10

0.
C

 

4
-5

 
I 

0 
I 

( I
) 

1 
0 

0 
0 

0 
I 

(1
) 

0 
4 

2 
5

0
.0

 

5
-1

0
 

0 
2 

0 
0 

3 
(2

) 
I 

(I
) 

2 
(2

) 
2 

(2
) 

0 
0 

10
 

7 
7

0
.0

 

1
0

-1
5

 
I 

2 
2 

0 
1 

(I
) 

I 
(I

) 
I 

0 
I 

(I
) 

0 
9 

3 
3

3
.3

 

1
5

-2
0

 
9 

8 
5 

2 
5 

(2
) 

I 
(I

) 
I 

(I
) 

I 
(I

) 
2 

(2
) 

I 
(I

) 
35

 
8 

22
.9

 

2
0

-3
0

 
27

 
ltO

 
39

 
(I

) 
2

5
 

10
 

(2
) 

8 
(2

) 
3 

(3
) 

4 
(3

) 
I 

(I
) 

I 
(I

) 
15

8 
13

 
8.

2 
-

30
-l

tO
 

3 
7 

2 
1 

8 
(4

) 
4 

(2
) 

2 
(2

) 
0 

3 
(2

) 
1 

(1
) 

31
 

11
 

3
5

.5
 

I \D
 

Ito
-S

O
 

5 
1 

3 
4 

(2
) 

4 
( 1

) 
1 

(1
) 

I 
(1

) 
0 

1 
(1

) 
0 

2
0

 
6 

3
0

.0
 

5
0

-6
o

 
0 

5 
4 

I 
2 

( I
) 

1 
(I

) 
0 

1 
(1

) 
0 

1 
( 1

) 
15

 
4 

2
6

.7
 

6o
-7

0 
0 

0 
0 

2 
(2

) 
I 

(I
) 

0 
0 

0 
0 

0 
3 

3 
1

0
0

.0
 

70
-8

o 
2 

0 
0 

I 
(I

) 
0 

0 
0 

0 
0 

0 
3 

1 
~

3
.3

 

T
o

ta
l 

50
 

65
 

57
 

39
 

3
4

 
2

0
 

12
 

8 
10

 
6 

30
1 

D
ea

th
s 

0 
0 

2 
7 

14
 

12
 

11
 

i 
9 

6 
68

 

~
 l

lo
rt

a 
II

 ty
 0

 
0 

3
.5

 
1

7
.9

 
4

1
.2

 
6

0
.0

 
9

1
. 7

 
8

7
.5

 
9

0
.0

 
1

0
0

.0
 

2
2

.6
 

N
ot

e:
 

D
ea

th
1 

s
'-

n
 

In
 p

u
e
n

th
e
se

s.
 

2
4

 



T
•b

le
 4

. 
P

er
 C

en
t 

B
o

d
y 

S
ur

f•
ce

 I
nv

ol
ve

m
en

t 
•n

d 
"°

rt
•1

1
ty

, 
19

68
 -

19
71

 

%
 B

ur
n 

0-
10

 
10

-2
0 

20
-3

0 
30

-4
0 

40
-5

0 
50

-6
0 

60
-7

0 
70

-8
0 

80
-9

0 
90

-1
00

 
T

ot
a 

1 

( 1
96

8)
 

N
o.

 
B

ur
ne

d 
71

 
68

 
84

 
66

 
47

 
35

 
19

 
9 

2 
0 

40
i 

D
ea

th
s 

0 
0 

3 
6 

6 
6 

8 
8 

1 
0 

38
 

%
 "

°r
t•

1
 l

ty
 

0 
0 

3
.6

 
9.

1 
12

.8
 

17
. I

 
42

. 1
 

88
.9

 
50

 
0 

9
.5

 
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

-
( 1

96
9)

 
' 

N
o.

 
B

u
rn

ed
 

27
 

45
 

56
 

55
 

56
 

26
 

'-0
 

14
 

6 
4 

30
9 

0 
D

ea
th

s 
0 

1 
1 

10
 

11
 

14
 

11
 

12
 

6 
4 

70
 

- I -
%

 "
°r

t•
I 

it
y

 
0 

2.
2 

1.
8 

18
.2

 
19

.6
 

53
.8

 
55

 
85

.7
 

10
0 

10
0 

22
.7

 
--

--
--

--
-

-
-
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
( 1

97
0)

 
N

o.
 

B
u

m
ed

 
45

 
60

 
65

 
60

 
47

 
17

 
13

 
9 

3 
2 

32
1 

D
ea

th
s 

0 
2 

10
 

9 
13

 
10

 
13

 
8 

3 
2 

70
 

%
 "

°r
t•

1
 lt

y
 

0 
3.

3 
15

.4
 

15
 

27
.7

 
58

.8
 

10
0 

88
.9

 
10

0 
10

0 
21

.8
 

--
--

--
--

--
--

--
--

--
--

--
--

--
-
--

--
--

--
--

-
--

--
--

-
--

--
--

(1
97

1)
 

N
o.

 
B

u
m

ed
 

50
 

65
 

57
 

39
 

34
 

20
 

12
 

8 
10

 
6 

30
1 

D
e•

th
s 

0 
0 

2 
7 

14
 

12
 

11
 

7 
9 

6 
68

 

%
 "

°r
ta

 I 
it

y
 

0 
0 

3.
5 

17
.9

 
41

.2
 

60
 

91
. 7

 
87

.5
 

90
 

10
0 

22
.6

 

2
5

 



1-11 

Table 5. Per Cent turn Ver~us Survl v• I, 1955-1971 

Survivors (burns over 30%) Deaths 
Yur No. Averase % tum No. Average % Burn 

Cases Total 30 Cases Total 30 

1955 20 39.5 20,3 21 55.6 38. 1 

1956 22 41 .o 17,3 20 57.8 37.8 

1957 19 38.4 24.1 17 57.1 38.8 

1958 15 42.3 21.6 23 56.5 35.3 

1959 29 43. 1 20,6 24 63.1 38. 1 

1960 17 44.2 20, 1 30 57.8 37.3 

1961 18 44.2 25.0 31 58.o 39.7 

1962 18 42.7 21,4 54 59. 1 46.2 

1963 28 45.8 19,6 57 69.0 41,0 

1964 40 41.8 14,8 37 65.0 42.4 

1965 47 43.8 21.0 33 66.o 33.4 

1966 68 41. 5 14.9 59 59.9 31,3 

1967 103 42.7 13.3 51 59.9 32.3 

1968 143 44.2 12 .6 38 54.6 24.6 

1969 113 43.2 11 , 1 70 5.8.7 26.4 

1970 92 39.4 10,7 70 5 I .9 32.6 

1971 63 41.9 14.o 68 60.8 38.o 

1 • • 
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In addition, 1,418 homograft and 961 porcine xenograft procedures 
were performed on 190 and 159 patients respectively. Cadaver homo
graft was harvested aseptically from 59 donor bodies. 

Escharotomles were required In 66 patients, an Incidence of 
22%. Some type of amputation Involving an extremity was necessary 
In 31 patients. Olsartlculatlon of the phalanges of the hand was 
the most commonly performed amputation (19). Because of extensive 
soft tissue Injury, thermal Injury, electrical injury or Invasive 
fungal dlsease,16 major amputations were required. 

Tracheostomles were performed In 36 patients (12%) with respira
tory failure or upper airway obstruction. This is approximately half 
the number performed In 1970, reflecting more prompt attention to 
vigorous pulmonary therapy at the first indication of a pulmonary 
problem and the use of endotracheal tubes for short periods (24-72 
hours) to tide the patient over. 

Pulmonary infection continues to be the most frequent complica
tion following thermal Injury. Pneumonia was diagnosed ln 79 patients, 
and 29 patients sustained an inhalation injury along with their 
thermal Injury. Pneumothorax developed in 17 patients, usually as 
a complication of suppuratlve pneumonltls with abscess formation. 

Of 1,451 blood cultures drawn in 192 patients, 237 yielded 
microorganisms in 92 patients. Intravenous catheters were placed 
through cutdowns in 195 patients, while percutaneously placed venous 
catheters were utilized in the majority of instances for administra
tion of intrav~nous fluids. Forty-eight patients had exploration of 
previous cutdown sites or veins excised for suspected thrombophle
bitls which was subsequently proved by clinical, bacteriological and 
hlstologlcal criteria In 22 patients, an overall incidence of 7.3% 
(approximately the same as In 1970). 

Topical Sulfamylon acetate was applied to the burn wound of 299 
patients, with 25 patients showing various degrees of hypersen
sitivity, an Incidence of 8.3%. Eighteen patients received silver 
nitrate to the burn wound, most of these because of hypersensitivity 
to Sulfamylon which did not respond to antihistamines. 

Associated Injuries were noted in 106 patients (35.2%). Thirty
four ears in 25 patients developed chondrltls which necessitated 
operative excision of infected cartilage. Gastrointestinal bleeding 
occurred In 37 patients (12.3%), and Curling's ulcer was diagnosed 
In 20. The bleeding in only one of these ulcer patients required 
operative Intervention. Associated fractures were noted in 28 pa
tients. Six patients developed myositis osslflcans of the elbow, 
five requiring surgical removal of the abnormal bone for restoration 
of function. Pancreatitis developed In 18 patients, an Incidence of 
6%. 

I • 28 
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In order to eliminate any bias resulting from preselectlon of 
patients evacuated from the Republic of Vietnam, as a result of de
lay in admission to the Burn Center, during which time the more 
severely injured patients with significant complications have ex
pired, mortality rates of patients admitted f rom the Continental 
United States are considered apart from the patients from the ,Fci r East 
in Table 7. Estimated mortality is derived from probit analysl •:i of 
survival data at this Institute between 1964-1967. Predicted mor
tality from 1968 was 17.4% as compared to 21.4%. Actual mortality 
for CONUS patients ls improved over 1970, being 29.9"/o as compared 
to 40.2°/o. Mortality for 1971 appears to be reverting back to that 
of 1969 when actual mortality was 42% and predicted 32•. Mortality 
of Vietnam patients remains unchanged. 

Pneumonia played a significant role in the demise of 50°/o of the 
68 deaths in 1971 (Table 8). Herpes simplex was cultured from the 
tracheobronchlal secretions in 3 of these and Providencia stuartll in 
12. Pulmonary emboll contributed to a fatal outcome in 8 patients 
as did Inhalation injury in 9. Bacterial burn wound invasion in 7 pa
tients, mycotic burn wound invasion in 7 patients, mixed bacteria and 
mycotlc burn wound invasion in 7, and Pseudomonas burn wound sepsis in 
3 patients were contributing causes of death. It Is interesting that 
5 patients had disseminated lntravascular coagulation which lead t~ a 
fatal outcome and 3 patients expired with pancreatitis as one of the 
primary causes of death. 

SUMMARY 

From 1 January to 31 December 1971, 268 patient!; were admitted 
to the US Army Institute of Surgical Research, and tt•ere wer(e disposi- ) 
tions on 301 patients. Re~ssessment of fluid resuscitation in the 
first 48 hours postburn, wlith modification of the Brooke formula, in-
creased caloric support through peripheral veins with the soybean fat 
emulsion, lntralipid, increased diagnostic accuracy of inha1at:~n 
Injury with 133xenon scanning, and study of pulmonary pathophysto,ogic 
changes following thermal injury have been some of the clinical stu~ies 
which have allowed for improved management of the thermally injured 
patient. 

While the number of patients evacuated from the Republic of 
Vietnam by our flight teams has decreased, emergency air evacuation 
missions within the Continental United States Increased to 88 this 
year. One hundred seventeen patients were admitted by this means to 
the Institute, more than in any prev ious year. 

The total care of the burn patient must be a team effort. In no 
other place has this been more exemplified than at the US Army Institute 
of Surgical Research by the extraordinary dedication, cooperation, and 
enthusiasm of the physicians, nurses, medical specialists,paramedical 
and secretarial staff assigned here. 

29 
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Pruitt BA Jr: Intracellular cation alterations following major 
trauma: Effect ·of supranormal caloric Intake. J Trauma 11:390-396, 
1971. 

Wilmore OW, Curreri PW, Spitzer KW, Spitzer ME, Pruitt BA Jr: 
Supranormal dietary Intake In thermally Injured hypermetabollc 
patients. SG&O 132:881-886, 1971. 

White HG, Asch HJ: Acid-base effects of topical mafenlde acetate 
In the burned patient. NEJH 284:1281-1286, 1971. 

Reckler JM, Mason AD Jr: A critical evaluation of fluid resusci
tation In the burned patient. Ann Surg 174:115-118, 1971 • 

• 
Moylan JA Jr, Inge W Jr, Pruitt BA Jr: Circulatory changes· 

following circumferential extremity burns evaluated by the ultrasonic 
flowmeter: An analysts of 60 thermally Injured limbs. J Trauma 11: 
763-770, 1971. 

Asch HJ, Moylan JA Jr, Bruck HM, Pruitt BA Jr: Occular complica
tions associated with burns: Review of a five-year experience Includ
ing l<>'t patients. J Trauma 11:8~7-861, 1971. 

Munster AM, OIVlncentl FC, Foley FD, Pruitt BA Jr: Cardiac 
Infections In burns. Pin J Surg 122:524-527, 1971. 

Pruitt BA Jr, Mason NJ Jr, Moncrief JA: Hemodynamlc changes 
In the early postburn patient. The Influence of fluid administration 
and of va~odllator (Hydralazlne). J ~rauma 11:36-46, 1971. 

Moncrief JA, Pruitt BA Jr: Hidden damage from electrical Injury 
Geriatric~, pp 84-85, 1971. 
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Curreri PW, Wilmore OW, Spitzer KW, Spitzer ME, Pruitt BA Jr: 
Supranormal dietary Intake ln thermally Injured hypermetabollc 
patients. SGiO 132:881-886, 1971. 

Pruitt BA Jr: Current treatment of thermal Injury. So Med J: 
64:657-662, 1~71. 

Newsome TW, Joi,ns LA, Pruitt BA Jr: Use of an air-fluidized bed 
In the care of patients with extensive burns, In, (Eds) Artz . CP, 
Hargest TS, AL!: Fluidized Bed Clinical and Research Symposium. 
Hilton Roy Co., St Petersburg, Florida, 1971, pp 61-71. 

, 
Moncrief JA, Pruitt BA Jr: The massive burn with sepsis and 

Curl lng 1 s ulcer, In, (Ed) Hardy JD, Critical Surglca.l 11 lness, 
WB Saunders Co, 1971, pp 207-226. 

Pruitt BA Jr, Curreri PW: The burn wound and Its care. Arch 
Su rg 103: 461 -468, 1971 • 

_Asch HJ, Mason PD Jr, Pruitt BA Jr: Regional blood flow In the 
burned, unanesthetlzeJ dog. Surg Forum 22:55-56, 1971. 

Pru1tt BA Jr, Curreri PW: The use of homograft and heterograft 
skin In thE: treatment of burns, In, (Eds) Polk HC Jr, Stone HH, 
Contemporary -Burn Management. Little, Brown , .co, Boston, 1971, 
pp 397-417. 

Asch HJ, Moylan JH Jr, Bruck,HH, Pruitt BA Jr: Ocular com-
pllcatlons assocl.ated with burns. A review of a five-year experience 
Including 104 patients. J Trauma 11:857, 1971. 

Pruitt BA Jr: Management of infections In the seriously burned 
patient. Symposium, Changing Patterns of Bacterial .1.Dfectlons and 
Antibiotic Therapy. 1971, pp 92-96. 

Pruitt BA Jr, Mason NJ Jr: Hemodynamlc studies of burned 
patients during resuscitation, In, Research l!l Burns, 1971, pp 
93-98. 

Curreri PW, Eurenlus K, Pruitt BA Jr: A study of coagulation 
factors In the thermally Injured patient, In, Research~ Burns. 
1971, p ·594. 

PRESENT AT I ONS 

Curreri PW: Hyperallmentatlon In Burn Patients. ENT Clinical 
Staff, BGH, BN4C, Fort Sam Houston, TX, 5 Jan 71. 

Pruitt BA Jr: Current Perspectives In Management of the Burn 
Patient. Surgical Staff, Cedars of Lebanon Hosp, Los Angeles, CA, 
9 Jan 71. :r7 
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Pruitt BA Jr: Member, NIH Study Sect B Mtg, San Diego, CA, 11-12 
Jan 71. 

Pruitt BA Jr: Attendee, NIH Conf on Effects of Artlftclal Boun
daries of Hoving Blood, San Otego, CA, 13-15 Jan 71. 

The following presentations were made to Physical Therapy Stu-
dents, HFSS, BAMC, Fort Sam Houston, TX, 15 Jan 71: 

Galloway KF: Nu.rslng Care of the Burn Patient. 
HcHanus WF: Hedlcal Treatment of the Burn Patient. 
Kirkman EH: Physical Therapy for the Burn Patient. 
Palm L: Occupatlonal Therapy for the Burn Patient. 

Curreri PW: Platelet Kinetics and Coagulopathles Following 
Thermal Injury. Shrlners Burns Institute, Cincinnati, Ohio, 
19 Jan 71. 

Curreri PW: Carbenlclllln--Cllnlcaland Laboratory Experience In 
Thermal Injury. Univ. of Cincinnati Med Sch, Cincinnati, Ohio, 19 
Jan 71. 

The following presentations were made to the Global Med Course, 
USAF Sch of Aerospace Med, Brooks AFB, TX, 22 Jan 71: 

, . Pruitt BA Jr: Use of Physiologic Dressings and Skin Graft In 
the Treatment of Thermal Injury. 

Moylan JA Jr: Resuscitation of the Extensively Burned Patient. 
Inge W Jr: Topical Chemotherapy of the Burn Wound. 
HcHanus WF: Complications of Thermal Injury. 

Galloway KF: Nursing Care of the Burn Patient. Incarnate Word 
Coll Sch of Nursing, San Antonio, TX, 26 Jan 71. 

Inge W Jr: Treatm~nt of Burns. Officer Basic Course, MFSS, 
BAMC, FSHT, 29 Jan 71. 

Gallo•y KF: Nursing Care of the Burn Patient. Flight Nurses 
and Med Technicians, Sch of Aerospace Med, Brooks AFB, TX, 3 r-eb 71. 

The following presentations were made to the Hedlcal Staff 
Program, Center Pavlllon Hosp, Houston, TX, 4 Feb 71: 

Pruitt BA Jr: Current Method of Treatment of the Extensively 
Burned Patient. · 

Curreri PW: Treatment, of Burns. 

Curreri PW: Management of the Acute Burn Patient with Particular 
Reference to Conmon Compllcatlons. Symp on Acute Surg Problems and 
Their Management. Bowman Gray Sch of Med, Wake Forest Univ, Winston
Salem, NC., 12 Feb 71. 

Pruitt BA Jr: Discussed paper on, "Toplcal Therapy of Burns." 
Soc of Univ Surgeons Mtg, New Haven, Conn, 11•13 Feb 71 

38 



t-24 

McGranahan BG: Nursing Care of the Burn Patient. Univ of Texas 
Med Sch at San Antonio Sch of Nursing, San Antonio, TX, 26 Feb 71. 

Pruitt BA Jr: (l) Summary of Topical Therapy of Burns; (2) 
Management of Complications In the Burn Patient; (3) Workshop, 
"Management of Burns". Trauma Seminar, Las Vegas, Nev, t-3 Mar 71. 

Pruitt BA Jr: Viral and Nonbacterlal Surgical Infections. ACS 
Comm on Control of Surgical Infections. Pre- and Postop Care Conmittee, 
Wash DC, 8,9 Mar 71. 

Johns LA: Nursing Care of the Burn Patient. Licensed Vocational 
Nurses Assn of Texas, Div 81, Jourdanton, TX, 11 Mar 71. 

Pruitt BA Jr: Management of the Burn Patlent--Complicatlons in 
Burn Patients. ACS Sectional Mtg, New Orleans, LA, 15-17 Har 71. 

Pruitt BA Jr: Moderator, Conf on Hesenterlc Circuit In Shock, 
Gastroenterology Sect, Walter Reed Anny Inst of Research, WRAMC, 
Wash DC, i7 Mar 71. 

Johns LA: Nursing Care of Burn Patients with Orthopedic Problems. 
9th Anni Symp, Air Force Nurse Corps, Wilford Hall Med Ctr, Lackland 
AFB, TX, 19 Mar 71. 

Pruitt BA Jr: (1) The management of Pulmonary and Urinary Com
pllcatlons; (2) The Pulmonary Burn; (3) Moderator, Panel on, "Sup
portive Care". Symp. on Thennal Injury, Shrlners Burns Inst, 
Cincinnati, 0, 18,19 Mar 71. 

Pruitt BA Jr: Discussed papers on: (1) Superior Mesenterlc Artery 
Syndrome; (2) Frozen, Vlable Homografts In the Treatment of Burns. 
Amer Surg Assn Mtg, Boca Raton, Fla, 25-27 Mar 71. 

McGranahan BG: Nursing Care of Burn Patients. Incarnate Word Coll 
Sch of Nursing, San Antonio, TX, 31 Mar 71. 

The following presentations were made to the Symposium on, Surgical 
&. Orthopaedic Aspects of Trauma'', Brooke Gen Hosp, BAMC, FSHT, S-9 
/1{,r 71. 

Pruitt BA Jr: Hemodynamlc Changes Following Injury and 'Resuscitation. 
Moylan JA Jr: Considerations In the Early Care of Extenslvely 

Burned Patients. 
Inge W Jr: Common Comp 11 cat Ions of The rma I Injury. 
Bruck HM: Fungal and Vlral Infections In Burn Patients. 
Curreri PW: Energy Requirements and Hyperallmentatlon In Burn 

Patients. 

Moylan JA Jr: Treatment of Burns. ANC Off Mv Course, MFSS, BAMC, 
Fort San Houston, TX, 13 /1{,r 71. 
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The followln9 personnel attended and/or made presentations to 
the lmerlcan Burn Assn Third Anl Mtg, San Antonio, TX, 16,17 Apr 71: 

Pru I tt BA Jr: ._Attendee. 
Munster 114: Hyosltls Ossiflcans In Burns: A Prospective Study. 
Inge W Jr: Systemic Candldlasls In the Burn Patlent--An Emerging 

Opportunistic Disease. 
Asch HJ: Liver Disease In Burn Patlents--Revlew of 40 Cases. 
Bruck tt4: Heterotoplc Calcification of the Elbow Complicating 

Therma 1 Injury. 
Wolfe JE: Nursing Care of the Patient with Burnslklrlng AlrTrantp<>rt. 
Johns LA: Use of Air-Fluidized Bed In Care of Burned Patients. 
Pavlakovlc D: Operating Room Nursing In a Burn Unit. 

Munster AM: Acalculous Cholecystltls In Burned Patients: .South
western Surg Congr, Las Vegas, Nev, 19 Apr 71. 

Moylan JA Jr: Tracheostomy In Burn Patlents--Analysls of a 5-
year Experience. Southeastern Surg Congr, Miami Beach, Fla, 20 Apr 71. 

The following presentatlOIIS were made to the Clinical Pastoral 
Education for Chaplains Course, BGH, BAMC, Fort Sam Houston, TX, 
26 Apr 71: 

Johns LA: Nursing Care of the Burn Patient. 
Munster 114: Procedures Used In the Treatment of Burn Patients. 

Johns LA: Nursing Care of Burn Patients. Laredo AFB Hosp, 
Laredo AFB, TX, 17 Hay 71. 

Munster AM: Transportation and Management of Burn Patients. Med 
Air Evac Command, Scott AFB, 111, 18 Hay 71. 

HcGranahan BG: Nursing Care of the Burn Patient. Flight Nurses, 
Sch of Aerospace Med, Brooks AFB, TX, 20 Hay 71. 

The foll.owing presentat Ions were made to the S',11Pon the Al r 
Fluidized Bed, Med Univ of So Carolina, Charleston, SC, 5 Jun 71. 

Pruitt BA Jr: Experiences with the Air Fluidized Bed at the 
lnstltute· of Surgical Research. · 

Newsome 'TV: Use of the Air Fluidized Bed for the Burn Patient. 
McGranahan BG: Current Treatment of the Burn Patient. Dist #17, 

TX Nurses Assn, Corpus Christi, TX, 16 Jun 71. 

Newsome 'TV: Treatment of Burns. Off ftdv Course, MFSS, BAHC, 
Fort Sam Houston TX, 17 Jun 71. 

Curreri PW: Current Therapy of the Complications of Thermal 
Injury. Woodbury Med Soc, Sioux City, Iowa, 17 Jun 71. 

Pruitt BA Jr: Conmltt•e on Control of Surgical Infections, ACS, 
Atlantic City, 21,23 Jun 71. 
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McGranahan, BG: Nursing Care of the Burn Patient. Flight Nurses 
, Med Technicians, Sch of Aerospace Med, Brooks AFB TX, 30 Jun 71. 

Curreri PW: Treatment of Burn Injuries and Their Complications. 
Kuakini Hosp and St Francis Hosp, Honolulu, Hawaii, 2 July 71. 

Curreri PW: Treatment of Burn Injuries and Their Compllc~tlons. 
Trlpler A""f Hosp, Honolulu, Hawaii, 6 Jul 71. 

Curreri PW: Treatment of Burn Injuries and Their Complications. 
Queens Hosp and Kaiser Hosp, Honolulu, Hawal I, 7 Jul 71. 

Newsome 'N: Treatmnt of Bums. Off Basic Course, MFSS, BAMC, 
Fort S• Houston, TX, 29 Jul 71. 

Silverstein P: Management of Burn Patients. Fort S• Houston 
Optimists Club, Fort S• Houston, TX, 29 Jul 71. 

McManus VF: Care of the Thennally Injured Patient. Univ of 
Nebraska Col I of Med Postgrad S•lnar, Omaha, Neb, I Aug 71. 

Moylan JA Jr: Treatment of Burns. Off Basic Course, MFSS, BAMC, 
Fort Sam Houston, TX, 12 Aug 71. 

McGranahan BG: Nursing Care of the Burn Patient. Baptist Hosp 
Sch of Nursing, San Antonio, TX, 18 Aug 71. 

Pruitt BA Jr: (1) Curling's Ulcer In Burn Patients, (2) Fungal 
and Viral Infections of Surgical llllpOrtance. Staff, Gen Surg Svc, 
Wm Beawnont GH, El Paso, TX, 24-26 Aug 71. 

Silverstein P: Treatment of Burns. Off Basic Course, M~~S, BAMC, 
Fort S• Houston, TX, 1 Sep 71. 

Pruitt BA Jr: Methods of Resurfacing Denuded Skin Areas. Trans
plantation Soc Symp on Current Status of Artificial Organs for 
Clinical Transplantation, New York, NY, 9,10 Sep 71. 

McManus WF: Treatment of Burns. Off Basic Course, MFSS, BAMC, 
Fort S• Houston, TX, BAMC, Fort~• Houston, TX, 16 Sep 71. 

Pruitt BA Jr: The Use of Sulfamylon In the Treatmnt..of Burns. 
Mtg of Soc of Plastic, R~on Surgeons, Galveston, fl, 16-18 Sep 71. 

Pruitt BA Jr: Metabol lc Changes In Thermal ln.Jur,. Parenteral 
Nutrition Conf, Bennuda, 21-25 Sep 71. 

Pruitt BA Jr: Current Status of Topical Therapy of Burn Injury-
Results In over 2100 Burn Patients. Texas Surg Soc Mtg, Waco, TX, 
3-5 Oct 71. 
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Warden GD: Treatment of Burns. ANC Off f#IJv Course, MFSS, BAMC, 
Fort Sam Houston, TX, 4 Oct 71. 

McGranahan BG: Nursing Care of the Burn Patient. Sch of Nursing, 
Univ of Texas Med Sch at San Antonio, San Antonio TX,5 Oct 71. 

Salisbury RE: Treatment of Burns. Off Basic Course, MFSS, BAMC, 
Fort Sam Houston, TX, 6 Oct 71. 

Johns LA: Nursing Care of the Burn Patient, Disaster Planning•• 
Regional. Northweast Texas Hosp Admln Gp, Continuing Edu for Nurses, 
Tejas VIiiage, Lake of the Pines, TX, 8 Oct 71. 

McManus WF: Treatment of Burn Patients. Assn of Operating Room 
Nurses, Grand lsland,Neb, 9 Oct 71. 

Johns LA: Nursing Care of the Burn Patient. Laughlin AFB Hosp, 
Laughlin AFB, TX, 14 Oct 71. 

The following personnel attended and/or made presentations to 
the lmer Assn for Surgery of Trauma Mtg, New York, NY 14-16 Oct 71. 

Prui t t 'BA Jr: Attendee. 
Bruck HM: Curling's Ulcer In Children: A 12-Year Review of 

65 Cases. lffler Assn for Surg of Trauma, New York, NY 
Reckler JM: Superior Mesenterlc Artery Syndrome as a Consequence 

of Burn Injury. 

Pruitt JR: Hemodynamlc Changes Following Thennal Injury. Surg 
Blol Ill Club, Atlantic City, NJ, 17 Oct 71. 

Hunt JL: Maoagement of Mass Burn Casualties. Medical Aspects of 
Advanced Warfare Course, Sch of Aerospace Med, Brooks AFB Tex, 
18 Oct 71. 

Pruitt BA Jr: Attendee, lmer Coll of Surgeons Meeting, Atlantic 
City, NJ, 18-22 Oct 71. 

The followlng presentations were made to the Cllnlcal Pastoral 
Edu for Chaplains Course, BGH, 6AMC, FSHT, 26-27 Oct 71: 

McGranahan BG: Nursing Care of the Burn Patient. 
SIiverstein P: Current Techniques of Burn Care. 

Silverstein P: Current Problems In Burn Therapy. Plastic Surg 
Dept, Univ of Tex Med Sch at San Antonio, San Antonio, TX, 
27 Oct 71. 

McManus WF: Treatment of Burn Patients. St Joseph's Hosp, Huron, 
so. 28 Oct 71. 
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Johns LA: Pharmacy Support of the Burn Patient. Pharmacy Svc, 
BGH, BANC, FSHT, 28 Oct 71. 

McGranahan BG: Nursing Care of the Burn Patl.,t. Fllght Nurses, 
Sch of Aerospace Med, Brooks AFB, TX, 3 Nov 71. 

Silverstein P: Management of Burns. Orange Co Hed Ctr, Orange, 
CA, 3 Nov 71. 

WI lmore DW: Treatment of Burns.Off Basic Course., MFSS, BAMC, 
Fort Sam Houston, TX, 4 Nov 71. 

Pruitt BA Jr: lmer Assn for Academic Surg, Phlladelphla, PA, 
18-20 Nov 71. 

Johns LA: Problems of the Burned Individual. Nursing Svc 
lnservlce Pr09ram, BGH, BAMC, Fort Sam Houston, TX, 30 Nov 71. 

Pruitt BA Jr: Recent Advances In BuTn Treatment. Surg Staff Conf, 
Presbyterian Hosp, New York, NY, 2 Dec 71. 

Pruitt BA Jr: Pulmonary Changes In the Early Postburn Period. 
Surg Metabolic Unit Conf, Presbyterian H6sp, New York, NY, 3 Dec: 71. 

Pruitt BA Jr: Panelist, Panel on Closed Blunt Injuries of 
Chest. Postgrad Course: Chest Trauma. Recent Advances In Emergency 
Management, Amer Coll of Chest Surgeons, NY Univ Med Ctr, New York, 
NY, 3-4 Dec 71. 

Pruitt BA Jr: Respiratory Burns: Diagnosis and Treatment. New 
York Univ Med Ctr Postgrad Cours.-, New York, NY, 5 Dec 71. 

Moylan JA Jr: Current Research In Burn Therapy. Dept of Surg, 
Univ of New Mex Sch of Hed, Albuquerque, NM, 10 Dec 71 

Welch GW: Treatment of Burns. Off Adv Course, MFSS, BANC, 
Fort Sam Houston, TX, 10 Dec 71. 

Pruitt BA Jr: Panelist, Panel on Trauma and Resuscitation, New 
York State Soc of Anesthestologlsts, Inc, New York, NY, 12-15 Dec 71. 

Moylan JA Jr: Burn Care. Dept of Surg, Harbor GH (UCLA) 
Torran e, CA, 13 Dec 71. 

EXHIBITS 

The following exhibits were displayed at the 120th Anl Conv 
of the Amer Med Assn, Atlantic City, NJ, 20-24 Jun 71: 
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"Burns In Chi ldren. 11 

11 Erne rgence of Opportun Is t I c In feet I on In the Burn Wound. 11 

"Management of Orthopedic Complications in the Thermally Injured", 
displayed at the An1 Conv of the Amer Co11 of Surgeons, Atlantic City, 
NJ, 18-22 Oct 71. 

11 0ccu•,atlona1 Therapy for Thermally Injured Patients", displayed 
at the Anl Conv of the Amer Occupational Therapy Assn, Cleveland, Ohio, 
1-5 Nov 71. 

MOTi ON PICTURES 

"Dressing the Burn Wound", shown at Third Anl Meeting of the 
Amer Burn Assn, San Antonio, TX, 16 Apr 71. 

"Management of a Massive Thermal Injury by ·Skln Transplantation 
Between Monozygotic Twins", shown at the Anl Conv of the Southeastern 
Surg Congr, Miami Beach, FL, 20 Apr 71. 

The following motion pictures were shown at the 120th An1 Conv of 
the Amer Med Assn, Atlantic City, NJ, 20-24 Jun 71: 

"The Use of Mesh Autografts ln the Treatment of Burns.II 

"The Management of Burns in Children." 
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ANNUAL PROGRESS REPORT 

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

REPORT TITLE1 CLINICAL OPERATION, SURGICAL STUDY BRANCH FOR 
TREATMENT OF INJURED SQ. DIERS 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SAN HOUSTON, TEXAS 78234 

January - 31 December 1971 

Investigators I 

Paul Silverstein, HD, Major, HC 
Andrew H. ,.,._.nster, MD, U eutenant Colonel, MC 
Lois A. Johns, Lieutenar,t Colonel, P,NC 

Reports Control Symbol HEDDH-288(R1) 
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ABSTRACT 

PROJECT NO. 3AO611O2B71R-O1, RESEARCH IN BI()o\EDICAL SCIENCES 

REPORT TITLE: CLINICAL OPERATION, SURGICAL SnJDY BRMCH FOR 
TREAlMENT OF INJURED SOLDIERS 

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

Period covered in this report: 1 January - 31 December 1971 

Investigators: Paul Silverstein, MD, Ha~or, MC 
Andrew H. Munster, HD, L1eutenant Colonel, MC 
Lois A. Johns, Lieutenant Colonel, ANC 

Reports Control Symbol HEDDH-288(R1) 

The Surgical Study Branch has continued to render clinical care 
to burn pati~ts admitted to the Institute from all three branches 
of the Armed Forces in addition to veterans and civilian emergencies. 
Branch members also participate in air evacuation of burned indivi
duals from referring physicians within and without CONUS to the 
Institute of Surgical Research. 

Responsibilities secondary to delivery of medical care involve 
research concerned with problems related to burn and traumatic in
juries, and participation in various teaching programs. 

Research projects under way include broad topic categories such 
as biologic wound dressings, synthetic skin substitutes, bacteriology 
of the wound treated with biologic dressings, enzymatic debridement 
of the burn wound, inmunologic responses of wounds to xenograft, and 
the problems of etiology and therapy of hypertrophic burn scars. 

Tralltla 
Imnunity 
Biologic dressings 
Enzymes 
Hypertrophic scar 47 
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CLINICAL OPERATION, SURGICAL Sl\JDY BRANCH FOR 
TREAlMENT OF INJURED SOLDIERS 

The Surgical Study Branch has continued its activities in: (1) 
primary delivery of medical and surgical care of acutely burned 
individuals admitted to this Institute, (2) clinical and laboratory 
research in problems related to care and rehabilitation of the burn 
patient, and (3) various teaching duties. 

Delivery of medical care is the prime purpose of the branch 
and responsibility starts at the time of air evacuation from the 
referral center in Japan or CONUS. A surgeon accompanies each 
patient during his evacuation and is responsible for his care after 
admission to the Institute. Initial resuscitation, convalescence, 
and surgical intervention, when required in the process of wound 
healing, are supervised during the patient's initial hospitaliza
tion. At the time of discharge, all wounds are healed and the patient 
is referred to specialty centers for attention to specific recon
structive and rehabilitation problems or returned to duty. Some 
patients residing in this geographical area return to the Institute 
for reconstructive surgery, space and personnel permitting. Special 
attention has been paid to functional reconstruction of hand burns 
and cosmetic reconstruction of facial deformities due to hypertrophic 
scar, graft contractures, ectropion, etc. 

Clinical research has been continued in the use of biologic 
dressings as a temporary burn wound cover. Following the evaluation 
of fresh and frozen irradiated porcir.e xenograft, a new dosage form, 
lyophilized porcine cutaneous xenograft, is being evaluated after 
successful laboratory study. The lyophilized skin appears to be 
acceptable in assisting wound debridement and preparing the granu
lating wound for autografting. It appears to be effective in sup
porting re-epithelialilation of second degree burn wounds. The ease 
of shelf storag~ and guaranteed sterility are attractive properties 
of the lyophilized product and it is currently being assessed clini
cally. 

Other biologic dressings evaluated included formalin-fixec1 
allograft nd xenograft and lyophilized attograft (supplied by the 
Naval Medi a l Research Laboratories, Bethesda, Maryland). Formalin
ized skin was applied to 12 ~tients with generally favorable re
sults. However, because of its stiffness, it was considered to be 
less des1rable than porcine skin. Lyophitized attograft is curr~ntty 
bein9 evaluated. 

In the laboratory, synthetic skin substitutes of various con-
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struction are being tested on excised rat wounds. Basic design of 
·the skin substitutes conforms to the bilaminar physical structure 
of natural skin. While none of these products is ready for trial 
in the clinic, progress has been made towards designing thinner, 
more elastic, and more bio-adherent dressings. 

Enzymatic debridement of burn wounds has been studied in both 
test tube and animal models. Sutilains was found to be superior to 
·Brcmelain as a nonspecific protease, primarily because of less 
toxicity at therapeutic dosages. Sequential therapy with sutilains 
and clostridial collagenase was found to be superior to the use of 
either enzyme alone or combined. Ongoing experiments are directed 
to development of an enzyme dosage form compatible with existent 
topical antibacterial burn wound medications. 

Clinical experience in the treatment and prevention of hyper
trophic scar, confirms work published from other burn centers sup
porting the use of compression devices designed to apply 40 nm Hg 
pressure to wounds from the time of complete healing until scar 
maturation is complete. Pressure is applied by custom made elastic 
stockings, sleeves, gloves, vests, and face masks. Scars treated 
within 3 months of appearance show a better response than those 
treated later. Average duration of therapy ranges between 6-12 
months. 

Clinical experience with intrale~ional and topical application 
of triamcinolone to hypertrophic scars has been disappointing. 

L\boratory investigation to develop an animal model in which 
to study hypertrophfc scar formation and the biochemistry of colla
gen synthesis and turnover has been successful in producing a scar 
model in the young, female, Duroc pig. Histologic studies confirm 
similarity of the porcine scar tissue to human scar in both matura
tion cycle and cellular morphology. Future investigations will 
determine whether or not biochemical similarities also exist in the 
specific activity of collagen. 
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ABSTRACT 

PROJECT NO. 3A0611O2B71R-O1, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: CLINICAL OPERATION, METABOLIC BR~CH, RENAL SECTION, 
FOR TREATMENT OF SOLDIERS WITH RENAL FAILURE 

US Army Inst;tute of Surg;cal Research, Brooke Army Med;cal Center, 
Fort Sam Houston, Texas 78234 

Per;od covered in this report: 1 January - 31 December 1971 

Invest;gators: Phil;p W. Rogers, MD, Major, MC 
Neil A. Kurtzman, MD, Lieutenant Colonel, MC 
Martin G. White, MD, Major, MC 

Reports Control Symbol MEDDH-288(R1) 

Fourteen patients were treated in the Renal Section during the 
reporting period. This represents a total of 940 patient days, and 
331 hemodialysis. Four patients presented with acute renal failure 
with 2 survivors. Ten patients were treated with chronic renal 
insufficiency, 4 of these have received renal homotransplantation. 
In addition, glanerular filtration rates were performed on 86 
patients. 

Renal failure 
Hemodialysis 
Peritoneal dialysis 
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CLINICAL OPERATION, METABOLIC BRANCH, RENAL SECTION, 
FOR TREAlMENT OF SOLDIERS WITH RENAL FAILURE 

All patients treated in this Section of the Institute were 
dialyzed using the Travenol Twin Coil No. 145 Artificial Kidney or 
the extracorporal coil EX 01 or EX 03 Artificial Kidney. Dialyses 
on acutely ill patients were performed using percutaneous insertion 
of catheters into appropriate arteries and veins. Anticoagulation 
of the dialyzing coil was obtained with either regional or total 
body heparinization, depending on the individual circumstances. Of 
the 4 patients with acute renal failure, 2 patients survived while 
the other 2 patients expired from complications unrelated to their 
renal disease. Six patients with chronic renal failure continued 
to do well during the year. Four patients with chronic renal failure 
were referred for renal homotransplantation. 

Presented in the Table are the characteristics of patients 
treated for acute and chronic renal failure in the renal section 
during 1971 • 

Patient Nr. 1 was a 38-year-old man who had been treated on 
chronic hemod'ialysis since 1964. His course during the past yea.r 
included one episode of septicemia, secondary to Sta~hylococcus 
aureus, coagulase positive related to an arterial s unt infection. 
The patient tolerated this complication well and in February 1971 
was referred to the Bexar County Hospital for renal homotransplan
tation. 

Patient Nr. 2 was an 8-year-old girl admitted with acute sali
cylate intoxication. She required only one hemodialysis with marked 
improvement in her condition. She was later discharged from Brooke 
General Hospital without further complication. 

Pat-ient Nr. 3 was a 46-year-old man admitted to the Medical 
Service at Brooke General Hospital with a 6-year history of poorly 
controlled hypertension with resultant renal failure and hyper
tensive cardiovascular disease. He initially was dialyzed several 
times by peritoneal dialysis, then referred to the Veterans Adminis
tration Hospital in Houston, Texas where he was trained for chronic 
home hemodialysis. He has been followed in the nephrology clinic, 
Brooke Generai H~~pital and has received hemodialysis on 3 occasions 
due to difficulty with ~emodialysis at home as a result of an inade
quate internal arterio-venous fistula. A new internal arterio
venous fistula was created and the patient is now resuming his home 
hernodialyses. 
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Patient Nr. 4 is a 37-year-old man admitted to the Cardiovascu
lar Surgical Service for aortic valve replacement. He had a forme
frust of Harfan 1s syndrome with marked aortic insufficiency. This 
patient had previously undergone a right nephrectomy for pyelonephri
tis involving the same kidney. He developed acute renal failure 
postoperatively due to prolonged hypotension and massive hemoglo
binemia and hemoglobinuria due to prolonged perfusion on the heart
lung machine as well as poor oxygenation due to a defective oxygena
tor during the insertion of the aortic valve prothesis. He was 
dialyzed every other day on the Cardiovascular Surgery Service with
out complication. He had gradual return of complete renal function. 
He was later medically retired from the Army because of his cardio
vascular problem. 

Patient Nr. 5 is a 57-year-old man with a history of hyperten
sion since 1967 which was inadequately treated resulting in arterio
lar nephrosclerosis with resultant chronic failure. An external 
A-V shunt was inserted in one arm ~nd an internal A-V fistula was 
created in the other arm and hemodialyses performed utilizing the 
external shunt while the internal A-V fistula matured. His course 
was initially complicated by an uncontrollable thirst. Peripheral 
renin determinations were obtained and were found to be markedly 
elevated. Since there is ~nformation suggesting that angiotensin 
stimulates the thirst ce~1ttit in the hypothalamus, it WI!. felt that 
this patient's excessive thirst was causally related to the high 
plasma renin concentrations. In October 1971, the patient underwent 
bilateral nephrectomy and had an uncomplicated postoperative course. 
This operative procedure resulted in marked clinical imprQvement of 
his peripheral neuropathy and also resulted in a dranatic cessation 
of his craving for water. His average weight gain between dialyses 
prior to nephrectomy was 4 to 6 kg, and after nephrectomy ranged 
from 1 to 1.5 kg. His course throughout the remainder of the year 
remained uncomplicated. He has subsequently had a cadaveric renal 
transplant. 

Patient Nr. 6 was a 28-year-old woman who sustained 48% total 
body surface burns in an automobile accident. She developed dis
seminated intravascular coagulation during her burn course with an 
associated acute cortical necrosis 4nd acute renal failure. She had 
three uneventful hemodialyses during her hospitalization and expired 
as a consequence of her thermal injury. 

Patient Nr. 7 was a 47-year-old Puerto Rican lady with a history 
of systemic arterial hypertension since 1965 ""ich had been poorly 
controlled resulting in progressive azotemia and uremia. This was 
hastened by an acc~lerated phase of her hypertension prior to her 
admission to Brooke General Hospital. Despite adequate antihyper-
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tensive therapy, her renal function never improved. She was evalu
a~ed for renal transplantation at Wilford Hall U.S. Air Force Medical 
Ce~ter. This patient underwent bilateral nephrectomy as part of the 
pr•3Paration for transplantation. In November, a D-matched cadaver 
kidney became available and the patient was transferred ~ ~ Wilford 
Hall U.S. Air Force Medical Center for renal homotransplantation. 
Th~ patient's inmediate postoperative course was uncomplicated; 
however,early in 1972 the patient experienced a chronic rejection 
which could not be reversed, so nephrectomy was performed. 'ihe 
patient was then ret~rned to Brooke General Hospital for chronic 
maintenance hemodialysis. This patient continues to do well at the 
present time. 

Patient Nr.8 was a 33-year-old black man who was found to have severe 
hypertension approximately 2 years prior to his admission to Brooke 
General Hospital. Although this patient ranained on active duty, 
his hypertension was never adequately followed or treated. He was 
admitted to Brooke General Hospital with accelerated hypertension 
and renal failure. Complete evaluation revealed no known cause for 
his hypertension. Despite adequate treatment this patient's renal 
function never improved. He was continued on chronic hemodialysis 
3 times weekly via an internal A-V fistula. Dialysis has been 
uncomplicated. 

Patient Nr. 9 was a 13-year-old black girl with sickle cell 
trait, situs inversus, and a 2-year history of hypertension, pro
teinuria microscopic hematuria, and azotemia. Renal biopsy was 
performe~ in 1970 and was compatible with a chronic proliferative 
glomerulonephritis. Her renal function continued to deteriorate 
and in December 1970 an internal arterio-venous fistula was created 
so that chronic hemodialysis could be accomplished. The patient as 
well as her family members had HLA typing and it was found that there 
was only a 1 antigen mismatch between her and her mother. After 
complete medical, urologic and psychiatric evaluation both daughter 
and recipient were admitted to Wilford Hall U.S. Air Force Medical 
Center i" March 1971 where the living related kidney transplant was 
performed. The operative procedure was uncomplicated and the 
patient did well for approximately 2 months and then had an acute 
rejection episode caused by the discontinuation of immnuosuppressive 
medication by the patient. She was inmediately hospitalized and the 
rejection episode treated with pulse therapy with Prednisone resulting 
in adequate suppression with slight reduction in renal function. The 
patient continues to do well at the present time. 

Patient Nr. 10 was a 33-year-old black man with a long history 
of hypertension and nephrosclorosis and slowly progressive renal 
insufficiency and finally renal failure. He had been evaluated and 
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followed at Brooke General Hospital for 2 years ancJ ;n September 
1970 was referred to the Veterans Administration Hospital in Houston, 
Texas.for evaluation for renal homotransp11nt1t;on and/or chronic 
maintenance home hemodialysis. Because of extenuating c;rcumstances 
w;th the family, the patient w~s returned to Brooke General Hosp;ta1 
for training for the home hemodialysis. The patient was markedly 
ur.emic, had a severe metabol;c encephalopathy and a severe peripheral 
neuropathy wh;ch only ;mproved after months of hemodialys;s. The 
patient also later susta;ned a mild cerebrovascular accident result
ing in paresis of the left lower extrem;ty. The pat;ent has shewn 
marked improvement with 3 times weekly hemodialysis. He partici
pates in an active physical therapy program and is presently being 
considered for cadaveric renal transplantat;on. 

Patient Nr. 11 was a 34-year-old white lady with undifferenti
ated schizophrenia and a 15-year history of chronic g1omeru1onephri
tis with progressive azotem;a and renal failure. She had been main
tained for several months on per;tonea1 dialysis and was finally 
placed on chronic hemodialysis after an episode of peritonitis. There 
was much difficulty in the placement of an external arterio-venous 
shunt due to the marked calcification of her vessels from secondary 
hyperparathyroidism. Because of multiple operative procedures re
quired, she refused further hemod;alysis. This des;re was shared 
by her husband and parents. Chronic hemodialys;s was then term;nated 
and the patient later expired in the hospital as a result of her 
uremia. 

Patient Nr. 12 was a 43-year-old black man with a 7-year history 
of chronic recurrent uretera1 calculi necessitating right nephrectomy 
in 1967. He was noted to have moderate hypertension at the time of 
his operative procedure; however, therapy and fo11owup remained in
adequate. The patient was finally referred to Brooke General Hospital 
for evaluation of his hypertension and was found to have severe azo
temia. Treatment and close observation resulted in no improvement 
with continual decline of h;s renal function. Finally, he was placed 
on chronic hemodialys;s and has been evaluated for cadaver;c renal 
homotransplantation. He and his wife have undergone hemodialysis 
training so that hemodialysis ;n the future can be accomplished at 
home by them. 

Patient Nr. 13 was a 32-year-old white lady adm;tted to Brooke 
General Hospital with acute barbituate ;ntoxication, Stage IV coma, 
and severe aspirat;on pneumonitis. The pat;ent was adm;tted some 4 
to 6 hours after ingestion. She was d;alyzed for 4 hours w;thou~ 
improvement ;n her level of consciousness or neurolog;c response. 
Despite orotracheal intubation, positive pressure breathing, and fre
quent tracheal suctioning, there was much difficulty in keeping the 
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patient well oxygenated. As a result of hypoxia the patient had a 
cardiac arrest and was unable to be resuscitated. 

Patient Nr. 14 was a 66-year-old white lady with a history, 
since the age of 7, of recurrent urinary tract infections and resul
tant chronic pyelonephritis. A left ureteroplasty was performed in 
1947 which was unsuccessful and resulted in the loss of the left 
kidney. The patient has over the years had progressive azotemia cul
minating in renal failure. Since she had no other systemic illness, 
she was felt to be a candidate for center hemodialysis. An internal 
arterio-venous fistula was created in the left arm which has provided 
access for hemodialysis. The only complication has been the develop
ment of a pseudoaneurysm on the venous limb of the A-V fistula. The 
patient is currently being maintained on twice weekly hemodialysis 
and is doing well. 

In addition to the hemodialyses performed by the Renal Section, 
glomerular filtration rates were assessed in 84 patients during the 
reported period, using glofil (12S1otha1amate 1) excretion as an in
dex of renal function. These studies were performed on patients 
within the Institute of Surgical Research as well as patients in 
Brooke General Hospital. The staff and corpsmen of the Renal Section 
also staff the Nephrology Clinic of Brooke General Hospital. This 
clinic meets weekly and has approximately 12 to 16 outpatient visits 
per clinic week. The staff of the Renal Section of Metaholic- Branch 
serve as consultants to Brooke General Hospital on matters of renal 
disease, acid-base balance, hypertension, and other nephrologic and 
metabolic problems. 

PRESENTATIONS 

White MG: Acid Base Disorders. BGH Surg Staff, BGH, FSHT, 16 
Mar 1971 

White MG: Acute Renal Failure. BGH Surg Staff, BGH, FSHT, 22 
Har 1971 

Spitzer HE: Nutrition in Burns. 4th Nutrition Symposiln, WRAIR, 
Wash, DC, 5 Aug 1971 

Rogers PW: Treatment of Ac celerated Hypertension. Dept Med Grand 
Rounds, BGH, FSHT,) Sep 1971 

Spitzer ME: Role of the Di et i cian. The Kidney Fnd., Univ Tex 
Hed Sch, San Antonio, Tx, 9 Sep 1971 

Rogers PW: The Role of Hemodialysis in the Managemen t of Acute 
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Poisoning. Dept Med, BGH, FSHT, 14 Sep 1971 

Spitzer ME: Rationale of the Renal Fa;Jure D;et . BGH Food Svcs 
D;v, BGH, FSHT, 15 Oct 1971 

Spitzer ME: Nutritonal Support to the Burn Pat;ent. BGH Food 
Svcs Div,BGH, FSHT, 18 Oct 1971 

Rogers PW: Renovascular Hypertension and Renal Physiology. Dept 
Pediatrics, BGH, FSHT, 13 Nov 1971 

Spitzer HE: Normal Nutrition in Burn Pat;ents. Social Workers 
Svcs, BGH, FSHT, 18 Nov 1971 

Rogers PW: Effect of Aldosterone Deficiency on Solute Free 
Excretion and Reabsorption in the Dog Nephrcin. ~er Soc Nephrology, 
Wash, DC, 22 Nov 1971 

Spitzer ME: Metabolic Methods of Nutritional Studies. BGH 
Dietetic Interns, BGH, FSHT, 1 Dec 1971 

PUBLICATIONS 

None 
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A patient with bilateral renal artery stenosis was found to 
have hyporeninemia and hypertens ion. Surgical repair of the stenosed 
vessels re sulted in amelioration of the hypertension with elevation 
of the plasma renin concentration to normal. The patient re-stenosed 
both rendl arteries and once again developed hyporeninemia and hyper
tension. Bilateral renal ar tery stenosis result~ initially in an 
increase in renin release, salt retention and expansion of extra
cellular volume . Volume expansion then suppresses renin release. 
The resultant new steady state is characteri2ed by hypertension on 
a volume rather than a pressor basis. Surgical correction of bi
latera: renal artery stenosis results in diures is and res toration 
of extracellular volume to 1·ormal thus allowing the previously 
suppress ed renin levels to return to normal. The se finding . suggest 
that the deci s ion to correct bilateral renal artery s tenosi s should 
be based on clinical grounds rather than the concentration of renal 
vein or peripheral vein renin. 

Hyporeninemia 
Hypertension 
Renal artery stenos i ~ 
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BILATERAL RENAL ARTERY STENOSIS AND SURGICALLY CORRECTABLE 
HYPERTENSION WITH LOW PLASMA RENIN CONCENTRATION 

Pat;ents w;th renal artery stenos;s make up a major;ty of those 
pat;ents affl;cted w;th surg;cally correctable hypertens;on. Such 
pat;ents' hypertens;on ;s deemed 1;kely to respond to surg;cal cor
rect;on of the les;on ;f there ;s a ratio of 1.6:1 or greater of the 
concentrat;on of ren;n ;n renal vein blood of the ;nvolved k;dney as 
compared to that. from the normal k;dney (Bourgo;gn;e, Kurz, Catanzaro, 
et al).1 The 1;kel;hood of surg;cal cure of hypertension ;seven 
greater ;f the peripheral plasma renin concentrat;on is elevated 
(Meyer, Ecoiff;er, Alexandre, et al)~ Wh;le informat;on on patients 
with un;1atera1 renal artery stenosis is abundantly available, vir
tually nothing has been published concerning the status of the renin
angiotensin system in patients suffering from bilateral renal artery 
stenosis and hypertension. 

We have recently had the opportun;ty to make detailed observa
tions of a pat;ent with such a bilateral lesion. The findings we 
have made, .while unexpected, seem quite logical when compared to 
related animal studies. 

CASE REPORT 

The patient is a 44-year-old white male, who was first told 
that he had hypertension in March 1967, at the time of his retire
ment physical examination from the U.S. Army. His subsequent course 
is sl.l'll'narized in the Table. Blood pressure determination at that 
time was 180/114 nm Hg supine and 152/110 nm Hg standing. An IVP 
showed poor excretion of the contrast material by the left kidney. 
A Hippuran 1311 renogram showed decreased delivery of the isotope to 
the left kidney as well as impa;red excretion. Technecium-99M renal 
scan showed poor concentration of the isotope by the left kidney. 
Urinary vanil-mandelic acid excret;on was 6.3 and 2.4 mg/2~ hours 
(normal O - 10 mg/24 hours). A percutaneous transfemoral aortogram 
performed in January 1968 revealed bilateral renal artery stenosis 
secondary to atherosclerotic plaques at the origin of both renal 
arter;es and involving the entire length of a smaller artery supply
ing the upper pole of the right kidney. Serum creatinine at that 
time was 1.2 mg/100 ml. He was treated with alpha methyldopa 500 mg 
four times daily, reserpine, 0.25 mg three times daily, guanethidine 
100 mg daily, and hydrochlorithiazide, 50 mg daily. He was seen in 
December 1970, and was again evaluated for his hypertension, which 
was poorly controlled on the ahove medications. Bl ood pressures at 
this time were in the range of 180-200/120-130 nm Hg. He complained 
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of recurrent morning heada ches and visual scotomata. Physi cal exam 
ination at that time revealed r e tinal ar teriolar narrowing, AV ni cking, 
and mild cardiomegaly. There wa s no evidence of peripheral edema on 
this examina tion or on any of the ·ubsequen t physical examina t ions . 
Chest x-ray showed mild cardiomegaly with left ventri cular prominence. 

laboratory data revealed a glomerular filtration rate (iothala
mate 1251) of 95 ml/min, A repeat percutaneous tr ans femoral aor ta
gram again showed marked s tenosi s of both the left and right renal 
arteries , and a barely visible s tenoti c renal artl!ry -;upplyin g the 
upper pole of the right kidney (Fig. I), Selective renal vein rcnin 
determinations [measured by the radio-immunoass ay tcchnic (Haber, 
Koerner, Page, et aJ)3] with the patient on an unre s tricted salt 
in t ake and off all drugs for 3 day s were obtained as follow s : right 
rena l vein 0,15, left renal vein 0.14, inferior vena cava 0.10, 
brachia! vein 0.10 ng/ml/hr (normal 1-3 ng/ml/hr). 

Renal split-function studie s were also obtained and were as 
follows: GFR, right 40,7, left 55,9 ml/min; sodium concentration, 
right 65, left 95 mEq/liter; urine osmolality, right 480; l eft 520 
mO sm/kg, flow rate, right 2,5, left 4.1 ml/min; renal pl asma flow, 
right 163, left 246 ml/min. 

An angiotensin infusion test was performed; a 20 mm rise in 
diastolic blood pressure resulted from the infusion of 2.02 ng/kg/ 

min of ,mgio t ensin II, A technecium-99M renal scan revealed a s light 
?~frease in concentration of the isotope bilaterally; a hippuran 

I renogram demonstrated dimini shed arterial blood flow to both 
kidney s . 

Subsequent to the se s tudie s , the patient was treated with 400 mg 
of spironolactone daily, whi ch resulted in no s ignifi ·ant decrea se in 
hi s blood pressure over a 2 week period. The pa tie n t was then placed 
on alpha methyldo~a, 500 mg four times daily, guanethidine, 200 mg 
daily and Oiazide (25 mg hydrochlorothiazide, and 50 mg triamterene) 
one capsule twice daily. He wa s followed as an outpatient, und wa s 
noted to have dia s tolic blood pressures of 120-130 mm Hg while r e 
ceiving these medications, Urinary aldosterone excretion on no drugs 
.1nd on an unrestricted salt intake wa s 14.'• µg/ 24 hour s (norma l 5-
19 µg/24 hours). 

He wa s admitted lo the ho spita l on 2~ Feb 71, with uncontroll
able hypertension. His GFR had decrea sed fr om 95 to 58 ml/min; his 
serum creatinine had inc rca ·cd from 1,2 to 1,8 mg/100 ml. Renogram 

.and renal scan showed marked deterioration.of renal function on the 
right, a s compared to the previous s tudy, 
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Fig. 1. Percutaneous fenoral aortogram (December 1970) demon

strating the marked stenoses (arrows) of both renal arteries and the 
nearly obliterated artery to the superior pole of the right kidney.
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Phy_§.LcaJ.. e xamin,1lion wa-; unch ang ed except for the pre s enc e of 
a Grude II/ VI dia s toli c murmur hea rd a t Erb' s point and ove r lhe 
aorti c ar ea, ECG showed left ventri c ular hypertrophy wilh ST-T wave 
changes , Chest x-ray again showed mild cardiomegaly, A br <.1ch ial 
vein renin obtained on un unres tri c ted salt diet wa5 0,73 ng/ ml/hr, 
Th e pa tient wa s t hen given 80 mg of furo s emide in t ravenous ly a nd 
plac ed on a 10 mEq/ ddy sodium diet for 3 day s whi ch r e-s ul ted in a 
2,S kg weight lo ss , Selec tive renal ve in r enin del e rmina tion s 
following thi s regimen were as follow s : right vein 6.06, left renal 
vein 3,65, and brachia! vein 3,67 ng/ml/hr, De spite ttd s 2 ,5 kg we ight 
lo ss , the patient's blood pressure remained eleva t ed a t 180/120 mm 
Hg, Repeat aor togram showed wor sening of the s teno s i s of th e s uperior 
right renal artery, wilh no changa in t he s t enos is of the lowe r right 
a nd left renal ar t eries , The pa~ien t was t ransferred to t he Surgical 
Servi ce , where, on 2 March, bi l a teral aorta-renal artery graf t ·.; , 
us ing autogenou s 5aphenou s vein, were performed, At operation, l he 
surg eon wa · unable to pa ss a probe lhrough ei ther rend) artery ori
fi c e, Pos toperatively, the pali e n t ' s c rea t inine dropped to 1,0 mg 
per 100 ml, and hi s GFR ro s e to 108 cc/min, with selecti ve renal 
vein renins (on an unrest ricted salt intake) a s follows : right r enal 
vein 2,41, left renal vein 2,43, inferior vena c.3va 2,83 ng/ml/hr, 

The patient' s blood pre ssure wa s 120/80 mm Hg at the time o f 
di scharge from the hos pi tal on no medication. He was followed in 
the outpatient clinic for 3 months with no change in GFR, Blood pre s • 
-; ur e r emained in the range of 140-150/90-94 mm Hg on no medi ca t ion, 

On 19 Oct 1971, the patien t was seen with complaint s of s evere 
headache, dizziness , and visual s cotoma ta, Physical e xamin .:1 lion re
vealed a blood pres-sure of 200/130 mm Hg in th e ri ght <1rm, wi th no 
change in blood pr es sure from s itting to standing pos ition ._; , li e had 
gained 2,5 kg. There wa s bil at eral Grade II KW r et inopa t hy, Cardio
pulmonary examination wa -; unremarkab1 e exc ept for t he pr es enc e of an 
audible S4 and mild cardiomegaly, A bruit wa s audible over lhe left 
flank. Labora t ory data r eveal ed a s erum creatinine of 1.9 mg/100 ml, 
BUM 28 mg/ 100 ml and an io thalamate 1251 Gm de t ermination of l+O ml/ 
min. Renal ve in renin delcrminations , on an unre s tri c ted -; all in
tJke and off all drug s for 3 day -; , were a s follow-: right r enal 
vein 0,61, left r enal ve in 0,80,in fe rior vena ca va 0,80 , br dcl1i a l 
vein 0.6E ng/ml/hr, 

A percu ta neou s Lrans fcmor a l aor togram wa · perfo rmed, and r e 
vea l ed marked bil a t er a l r enal a r te ry ·teno · i s at t he s ite o f lhc 
previ ou · ·aph enou s vein gr a f ts (Fig, 2), R nog r am .rnd r na l ; ·.i n 
a ga in showed moderale dec r ea-;e in blood f l uw lo bolh kidn e y · wi lh 
dec rea sed concentra lion of t he i solop e bi la te rally. A 5l chr mium 
blood volume determinati on r evea led a bl ood vol~ne of 500 ·cg ,· ,ater 
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Fig. 2. Percutaneous femoral aortogram (October I97I) demon

strating the bilaterally stenosed (arrows) renal artery autogenous 
saphenous vein grafts-A, right renal artery; B, left renal artery.
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than the predicted blood volume. 

On 29 Oct, the patient was taken to the operating room, where 
both saphenous vein grafts were opened longitudinally, close to the 
aorta, saphenous vein patches were applied bilaterally resulting in 
widely patent renal arteries with good flow. The patient tolerated 
the procedure well and postoperatively his blood pressure was well 
controlled with alpha methyldopa 250 mg twice daily and hydrochlor
thiazide SO mg daily. Over the ensuing 2 weeks, his s~rum creati
nine gradually dropped to 1,2 mg/100 ml and his GFR increased to 
100 ml/min, Also, postoperatively, his weight decreased by 2,S kg 
to his usual weight of 70,S kg. Postoperative re~in determinations 
on an unrestricted salt intake and on no drugs were 2,0S ng/ml/hr in 
the standing position and 1 .34 ng/ml/min in the supine position. 
5lchromium blood volume equaled the predicted value, The patient 
continues to do well at the present time. 

DISCUSSION 

This patient presented with the unexpected findings of hyper
tension, bilateral renal artery stenosis, and low plasma renin con
centration both in renal vein and peripheral venous blood, The 
patient was quite appropriately sensitive to infused angiotensin, 
That our patient was able to elaborate renin was demonstrated when 
he was placed on a low salt diet and given furosemide. These maneu
vers resulted in a greater than thirty-fold increase in both renal 
and peripheral plasma renin concentrations, but did not decrease his 
blood pressure. This also resulted in a right renal venous renin 
concentration greater than 1.6 times that of the rcnin concentration 
of the left renal vein. This lateral i zation of renin production only 
became apparent with contraction of the extracellular fluid space 
with the low sodium diet and furosemide. This maneuver, however, did 
not result in a markedly elevated peripheral plasma renin concentra
tion. Because of these findings our patient was not felt to be a 
candidate for the surgical correction of the renal vascular lesions. 
Repair of these lesion~ was undertaken only when renal function had 
deteriorated markedly. It was a surprise therefore to find that 
renal artery surgery not only restored the glomerular filtration 
rate to normal, but also resulted in marked relief of the patient's 
hypertension, a . type of hypertension that had previously been re
fractory to multiple drug therapy. Of great interest was the seem
ingly paradoxical rise of the plasma renin concentration to the nor
mal range. 

When the patient re-developed hypertension in October 1971 sub
sequent to re-stenosis of the saphenous vein-renal artery graft s , he 
was again noted to havP- hyporeninemia. His blood volume was 500 cc 
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greater than predi cted. Repair of the stenos is re ul tcd in ,:uncl ior.:i
tion of his hypertension, relurn of his blood volume lo lhc predi cted 
value, a 2,5 kg weight los s and a ri se in pla sma rcnin concenlralion 
to the normal range, 

Interference with the blood upply to one kidney in humans and l 
experimental animals results in hypertens ion (Goldblatt, Lynch, 11.inzel;• 
Gross, Brunner, Ziegler;S Regoli, Brunner, Peter s , ct al6). Thi s 
form of hypertcns.ion is characterized by increa sed rcnin relea se from 
the involved kidney. The exact mechanisms re sponsible for Lhis form 
of hypertens ion are not clear, but t hey arc related to increa sed 
formation of angiotension II which ha s a strong prcs sor ac tion, 
-; econdary aldosteronism, and fluid retention by lhc i schcmic kidney. 
Marked fluid retention does not occur because of increased sal t ex
cretion by the non-ischemic kidne), Another cause of such hyperten
sion may be the release of an additional prcssur ag nt a s postulated 
by Grollman and Krishnamurty,7 

In the animal model of unilateral renal a rtery s teno s is, removal 
of the non-ischemic kidney result s in a fall of the pla sma renin 
concentration to normal, neverthgle c;s h1pcrtcns ion per s i s ts or worsens 
{Regoli, Brunner, Peters, et al; Gross8), Trealment of animal '.i with 
unilateral renal artery stenosis wilh antircnin antibodies results in 
relief of the hypertension; this treatment ha s no effect on hyper
tension however, when the uninvolved kidney ha s been removed (Brunner, 
Kirshman, Sealey, et al ,)9. 

The animal model of a solitary ischemic kidney appears analogous 
to bilateral renal artery stenosis observed in this patient in that 
the ischcmic kidney or kidneys are responsible for maintaining sodium 
balance. It seems likely to us that the following events transpire 
when the entire renal mass is ischemic. Initially there is an i n
crease in renin release and salt retention, both secondary to renal 
ischcmia, which results in hypertension and extracellular volume 
expansion. Voll.me expansion eventually result s in suppression of 
sodium reabsorption and renin release analogy8 s to that seen in 
11 DOCA escape" (Wright, Knox, Howards, et al) • Thus a new steady 
s tate is re chcd which is characterized by hypertension, on a vollllle 
rather than a pressor basis, suppressed renin release (resulting in 
depressed or normal pla sma renin concentration) and expanded extra
cellular volume; these are the features which characterized our 
patient. Normally, in such patient s , hypertension in Lhe steady 
s tate is associated with an expanded blood volume but not a ssociated 
\o1ith hyperreninemia; blood volume contraction via salt re s triction 
and diuretic therapy should not rei ieve the hypertension since the 
beneficial effect of vollllle contraction would be counter-balanced by 
increased release of renin as was the cas~ i our patient. It is 
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also possible that the hypertension seen in patients with unilateral 
renal artery stenosis, not associated with significant differences 
in renal vein r enin concentration is maintained by a vo1"'1'1e rather 
than pressor mechanism. Volume contraction by means of salt restric
tion, diuretic therapy, and the upright posture allows difference 
in renal perfusion to be expressed thus converting volume hyperten
sion to pressor hypertension. Further studies are necessary to deter
mine if this hypothesis has a solid basis of fact. 

The implications of our findings are several. First one would 
not expect bilateral renal artery stenosis severe enough to result 
in bilateral renal artery ischsnia to be characterized by hyperrenin
emia. The decision as to whether or not to operate on such patients 
should be made on grounds other than the plasma renin concentration 
such as hypertension refractory to medical therapy, or hypertension 
associated with deteriorating renal function. Second, one would not 
expect ischemia to the total renal mass to result in increased renin 
release until the ischsnia had progressed to the point wiere the kid
ney is no longer able to maintain salt balance no matter what the 
level of extracellular vo1"'1'1e. This point has relevance to the hyper-· 
reninemia seen in patifnts with endstage renal disease (Weidman, 
Maxwell, Luper, et al) 1 and to the increased renal renin release 
seen in patients with a transplanted kidney u\1ergoing an acute re
jection episode (Gunnells, Stickel, Robinson) • Volume expansion 
occurs in both types of disorders but the degree of renal disease 
present is so marked that salt balance can no longer be maintained 
and renin release cannot be suppressed. The mechanisms by which volume 
expansion and sodi""' excretion inhibit renin release are still un
clear, as is the reason explaining how the kidney that has lost its 
excretory function still preserves the ability to form supernormal 
amounts of renin. 
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PROJECT NO. 3A0611O2B71R-O1, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: ANESTHESIOLOGY 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SAM HOUSTON, TEXAS 78234 

1 January - 31 December 1971 

Investigators: 

Gary W. Allen, HD, Major, HC 
Stephen Slogoff, HD, Major, HC 
Joseph H. Garfield, HD, Major, HC 

Reports Control Symbol HEDDH-288(Rl) 
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ABSTRACT 

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

REPORT TITLE: ANESTHESIOLOGY 

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

Period covered In this report: 1 January - 31 December 1971 

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

Reports Control Symbol MEDDH-288(R1) 

In 1971, 179 of 301 patients whose disposition was completed at 
the US Army Institute of Surgl al Research were given 476 anesthetics 
at this Institute. Of the anesthetics given, 47.3% were halothane 
with or without nitrous oxide In oxygen; 27.3% were ketamlne with 
the remainder consisting of nitrous oxide, methyoxyflurane, barbi
turate anesthesia, local anesthesia, and regional blocks. Of those 
patients receiving anesthesia at the Inst i tute of Surgical Research, 
the mean number of anesthetics per patient was 2.65. Two major 
Intra-operative complications occurred during the yeJr and wilt be 
discussed In detail In the text. No Intra-operative deaths occurred. 

75 
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AN EST HES I OLOGY 

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

PREOPERATIVE PREPARATION 

Patients for elective surgery are held NPO after midnight. This 
usually involves a fasting period of some 8-14 hours. Infants and 
children through age 4 are permitted clear liquids until 0400 hours. 
Using this regimen, we have had no vomiting or aspiration of stomach 
contents o" induction In patients for elective surgery. Seriously 
111 or dehydrated patients are given Intravenous fluids preoperatlvely, 
Including Ringer's lactate and 5°/4 dextrose in Ringer's lactate or 
saline solution. Solutions designed for pediatric use are given to 
infants and children. 

HEHODYNAMIC AND RESPIRATORY ASSESSMENT 

All acutely ill patients have arterial blood gas determinations 
made dally until their status improves at . which time the frequency 
of determinations ls decreased. By knowing these values pre
operatively in all seriously ill patients, we are able to adjust 
our anesthetic techniques accordingly. Patients who are hypoxemlc 
and require ventllatory assistance are transported to and from the 
operati~ room with the administration of 100°/4 oxygen, given by 
positive pressure, utilizing either a Jackson Rees modification of 
the Ayre's T-piecel or a Bird respirator. Once In the operating 
room, patients requiring ventilatory assistance may be ventilated 
manually or with an Air Shield anesthetic ventilator. Circulatory 
status ts assessed by hematocrlt, serum electrolytes and serum os
molallty, and urine output, in addition to direct or indirect measure
ments of blood pressure. Central venous pressure measurements are 
taken on seriously Ill patients. 

PREMED I CATION 

In general, no narcotics, barbiturates, or anorectic are given 
preoperatlvely to adult patients. Rather, atropine, 0.01 mg/kg, Is 
given Intravenously 10 minutes prior to induction of general anes
theslo. Patients receiving regional anesthesia (regional nerve 
blocks, spinal, and epidural anesthesia) do rece ive premedication 
consisting of a barbiturate, antichollnergic, and occasionally a 
narcotic (morphine or Demerol R) or anorectic (Vc,l lum R). Pediatric 
patients generally receive a narcotic plus an antichollnerglc agent 
preoperatlvely in order to allay anxiety and Induce a state of 
quiescence. I 

r· 
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TYPES OF ANESTHESIA USED 

A. GENERAL ANESTHESIA 

1. Halothane with or without nitrous oxide in oxygen: about 
half (47.3%) of the anesthetics at our institution are performed with 
this combination of agents due to ease of administration, tranquil 
induction and emergence, relative lack of 1ong1asting cardiovascular 
depression, and nonf1ammabi1ity. We have to date observed no cases of 
halothane hepatotoxlcity. Since the Incidence 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. 2 Thiopenta1 (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 wi'th no deleterious effects observed. 
The remainder are induced with inhalation technique. Using this 
form of anesthesia, we have not observed any significant incidents 
of prolonged emergence or postoperative grogginess, even in patients 
who receive thlopenta1 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 veryseriously 111 patients for laparotomles and other major pro
cedures (amputations, etc.) due to its relative lack of cardiovascular 
depression. Since t~e technique requires controlled respiration, the 
trachea is intubated. Relaxants employed include d-tubocurarine and 
ga11amine, both nondepolarizing relaxants. The latte r has been shown 
not to raise serum potassium In burn patients.3 Succiny1cho1ine is 
rarely used except for acute emergencies due to its tendency to cause 
severe rises in potassium from about postburn day 15 through postburn 
day 90.4 

3. Ketamine: Ketamine is an intravenous "dissociative" 
general anesthetic which has been available for clinical use for ap
proximately two years. Over one-fourth (27.3%) of our anesthetics 
in the operating room are now administered with this agent. Its use 
for debridement, skin grafting, various orthopedic procedures, and 
for certain ward procedures has been an excellent addition to our 
anesthetic armamentarium. Since cardiovascular reflexes and tone are 
well preserved and a patent airway with good ventilation is usually 
maintained, even in the late ral and prone positions, this anesthetic 
has permitted numerous operations to be carried out without the use of 
an artificial airway. This fact alone should significantly decrease 
anesthetic mo rbidity. However, it must be emphasized that occasionally 
airway stability is not maintained. In 1970, one such complication 
occurred and was discussed in that annual report. No such complica
tions, however, occurred this year. One intra-operative complication 
occurred with ketamine in 1971, and will be discussed in the Case 
Report Section. 
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B. REGIONAL ANESTHESIA 

Again, In 1971, regional anesthesias, In partlcular, axillary 
brachial plexus block, supraclavicular brachlal plexus block, spinal, 
ulnar nerve block, and superior laryngeal nerve block, were used to 
a significant degree (3.8°/4 of all anesthetics given}. 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 inmedlately adjacent to the site of 
the proposed nerve block. By following these guldellnes for selec
tion of patients, we have had no complications with regional anes
thesia and no Incidence of infection or sepsis after nerve blocking 
was noted. 

MONITORING TECHNIQUES 

Below is an outline of our current monitoring techniques for 
patients under anesthesia. 

A. CIRCULATION 

1. Precordial and/or esophageal s t ethoscope. 

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

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

4. Ce~tral venous pressure (CVP} assessment. 

5. EKG (major case~ and seriously ill pat ients}. 

6. Sponge weighing; major cases. 

]. Serial measurements of urine output during surgery. 

B. RES Pt RATION 

I. Counting of respiratory rate. 

2. Observation of chest and rebreathing bag. 

3. Auscultation of chest. 

4. Determination of tidal volume by Drager respirometer 
in anesthesia circuit. 

5. Periodic assessment of blood gases intraoperatively when 
indicated. 

I . . -
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C. TEMPERATURE 

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

It should be noted that the K-thermia heating-cooling blanket has 
proved to be of significant value in maintaining body temperature when 
large areas of the body are exposed, In addition, it can help to 
lower body temperature rapidly and safely when a febrile episode occurs 
intraoperatively. Difficulty in maintaining the temperature of most 
children and some adults Is still a problem and techniques and de
vices to overcome this are being evaluated at the present time. 

COMPLICATIONS 

Case No. 1. Hypoxic Arrest in a Two-year Old 

This 25-month-old Caucasian female was admitted with a 33% total 
body surface scald burn of which 26-1/2% was third degree. Her resus
citation was uneventful. On the third postoperative day, the patient 
had an upper gastrointestinal bleeding which responded to a milk and 
Maalox regimen. On the 10th postburn day, she was noted to have an 
increased respiratory rate (50-60/minute) and a fall in blood pressure 
with decreased urine output, which was corrected by the intravenous 
administration of fluids. 

On the 11th day postburn, and again on the 13th day .postburn, 
areas of fungal burn wound invasion were excised under anesthesia. 
On the 14th postburn day, the patient was hypotensive with a high CVP 
(15 cm H20). Arterial pH was 7.33 with Pco2 of 41. Fluids and bi
carbonate were administered and the patient was rapidly digitalized, 

Because of rapid spread of the fungal wound invasion, the patient 
was scheduled for radical burn wound excision of both lower extremities 
on the 15th postburn day. The patient was brought to the operating 
room with a blood pressure of 150/80, pulse 140. Oxygen was ad
ministered by mask for five minutes and N20 30'% with 02 70% inhalation 
begun. Curare, 6 mg (0~7 mg/kg), was given intravenously, and ven
tilation was controlled beginning one minute after administration. 
Two minutes later, intubation was attempted but the patient developed 
laryngospasm and could not be intubated. The laryngospasm persisted, 
~nd two minutes later the patient was noted to be cyanotic; a sinus 
bradycardia (10/minute) was noted on ECG and pulses were absent. 
External cardiac massage was begun, the patient's trachea was in
tubated and 100"/o 02 given; 0. I mg epinephrine was given intravenously 
and good pulses were obtained. The operation was completed with 50% 
N20 and oxygen. 

Postoperatively, the oral endotracheal tube was left in place and 
the patient was ventilated with a Bird respirator. 

I' ~9 ( 
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Collapse of the right upper lung lobe was noted on the 17th 
postburn day, but this resolved and the patient was extubated on the 
19th postburn day. 

However, the patient died on the 26th postburn day with invasive 
burn wound sepsis. 

Comnent: Intubation was attempted too quickly after the curare 
administration, at~ time when she was inadequately anesthetized. 

Lack of palpable pulses during the bradycardia, indicating in
adequate circulation, necessitated external massage which effectively 
prevented hypoxic arrest and CNS damage or death. 

Case No. 2. Grand-Mal Convulsions Following Ketamine 

The second patient was a 22-year-old white male admitted to the 
Institute of Surgical Research 5 days following a 50% total body 
surface (35% third degree) burn sustained in an automobile collision. 

Initial care had been uncomplicated. On the fifth postburn day, 
the patient became disoriented and febrile, and the burn wound mar
gins contained some cellulltis for which Lincomycln was begun. 
Bilirubln was 2.9 mg%, and the elevation was attributed to intra
vascular hemolysls. Despite normal chest X-rays, the arterial Po2 
was 50-60 torr. IPPB and 02 were administered with cl inlcal 
improvement. 

On the 21st postburn day, the patient began having blood cul
tures positive for Providencia and a left groin catheter tip grew 
Providencia stuartii resistant to all antibiotics tested. 

Despite a depressed sensorium on the 23rd postburn day, the 
patie,,t was schedulE..d for debridement of burns and homografting. 
Arterial blood gases were as follows: Po2 74 torr (Fto2 0.21), Pco2 
36 torr, pH 7.306. Sodium was 133.5 mEq/L and potassium 3. 1. 

Lungs were clear to auscultation and by X-ray, and vital signs 
were stable. 

The patient was taken to 
mg, was given intravenously. 
2 mg/kg (150)and supplemented 
of one mg/kg ketamine. 

the operating room, and atropine, 0.6 
Anesthesia was induced with ketamine , 
thereafter with incremental doses 

Twenty-five minutes after induction, the patient became com
pletely apneic and required oxygen and positive pressure ventila
tion by mask. The apnea lasted three minutes, and normal ventila
tion was then resumed. No cyanosis, bradycardia, or hypotension 

I' ,· ao 
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was noted. Oxygen was given throughout the remainder of the anes
thetic (total anesthesia time--2 hours), and 2 more similar periods 
of apnea were noted. 

The anesthetic was otherwise uncomplicated except for mild hypo
tension (90/60), occurring toward the end, which responded to the 
administration of fluids including whole blood. Rectal temperature 
at the end of the procedure was 90,5•F despite warming of blood and 
of the patient by a K-thermla blanket. 

Postoperatively, the patient required nasotracheal intubation 
for continuing apneic episodes. Despite IPPB with a Bird Hark XIV 
ventllator, pulmonary function deteriorated. Arterial blood gases 
drawn 3 hours postoperatively revealed a Po2 of 59 torr (Flo20,5), 
Pco2 38 torr, pH 7.281. Recurrent grand-mal seizures required large 
amounts of intravenous phenobarbital. 

The patient became hypotensive, and large amounts of fluid, 
blood, and vasopressors failed to maintain the circulation. The 
patient died 7-1/2 hours postanesthesia. 

At autopsy, evidence of burn wound colonization with bacteria 
and fungi and diffuse intravascular coagulation was found. No gross 
CNS lesions were noted. 

COITITlent. Recent studies have revealed that ketamine may induce 
seizure activity and indeed this may be the mechanism of ketamlne 
anesthesia. Whether ketamine was responsible for the seizures noted 
postoperatively in this patient is unknown. CNS hypoxia from In
adequate circulation or from microthrombi associated with diffuse 
intravascu l ar coagulation may also produce seizures. 

However, ketamine anesthesia cannot be discounted as a factor 
contributing to this patient's demise. 

SUMMARY 

When surgery Is performed early in the hospital course in the 
burn patient (I.e., during the first 6 weeks, general anesthesia is 
usually necessary due to the nature of the procedure and to poten
tial contamination at regional injection sites. Although halothane, 
with or without nitrous oxide In oxygen, is generally used, other 
agents are satisfactory. Ketamlne is being used more and more as a 
general anesthetic in our Institute for debridement, chondrectomles, 
orthopedic procedures, and other ward procedures. 

For surgery during the reconstructive period of the burn (6 
weeks and beyond), regional anesthesia can often be used, as long 

81 
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as the patient is not septicemic and does not have infected skin 
areas at or lnmedtately adjacent to the stteof nerve blocking. Keta
mlne ls also ind icated for certain procedures done at this time. 
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TABLE 8 

TYPE OF AIRWAY DURING GENERAL ANESTHESIA, ISR-1971 

AIRWAY 

MASK 

ENOOTRACHEAL TUBE 

ORAL 

NASAL 

TRACHEOTOMY 

NATURAL AIRWAY 

TOTAL 

NO. OF % OF TOTAL NO. OF 
ANESTHETICS GENERAL ANESTHETICS 

167 

147 

12 

13 

110 

449 

TABLE 9 

37.2 

32.7 

2.7 

2.9 

24.5 

100.0 

MORTALITY OF THOSE RECEIVING ANESTHESIA, ISR-1971 

TOTAL GIVEN ANESTHE SIA 

DEATHS 

PE CENT 

OVERALL MORTALIT Y 

179 

28 

15.6% 

25.'1% 

INTRAOPERATIVE DEATHS 0 

DIED WITHIN 24 HOURS 3 

24 HOURS TO I WEEK 16 

GREAT R THAN I W K 9 

89 
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ABSTR ACT 

PROJECT N0.3 A061102B7IR-Ol,RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: USE OF l33xENON IN EARLY DIAGNOSIS OF INHALATION 
l~JURY IN BURNED MILITARY PERSONNEL 

US Army Institute of Surgical R searc.h, Brooke l\ rrny Medic.al Center, 
Fort Sam Houston, Texas 78234. 

Period cove red in this report : I July 1971 •· 30 June 1972. 

Investigators: Joseph A. Moylan,Jr., MD. Major, MC 
Douglas W. Wilmore, MD, Major, MC 
David E. Mouton, MD, Major, MC * 
Basil A. Pruitt, Jr., MD, Colonel, MC 

Reports Control Symbol MEDDH-288(RI) 

Prompt diagnosis and treatment of inhalation injuri es following 
thermal trauma are often hampered by lack of early obj ective findings 
of respiratory tract injury. Patients who subsequently develop 
wheezing and produce thick carbonaceous sputum followed by seve re 
bronchorrhea and progressive pulmonary insufficiency may Initially 
have no facial, oral, or pharyngeal burns and have normal chest ro·· 
entgenograms, spirograms, and blood gases. 

Using 133xenon, the pulmonary alveolar diffusion and ventilatory 
characteristics we.re prospectively studied in 50 patient s following 
extensive thermal trauma (20 to 95'l total body surface burn injury). 
One- third of the patients demonstrat ed inhalation injury documented 
by characteristic clinical and patholog ic criteria, Ventilation 
clearance of IJ3xenon gas was significantly delayed by the tracheo
bronchial injury. This change in scanographic findings occurred in 
patients before the onset of clinical signs or symptoms. Moreover, 
the course of improvement in inhal a tion injury was accompani ed hy 
st:?rial improvement of 133xenon cl earance as document ed with s c. ariogran,s. 
The perfusion- diffusion scans of all pati ents were corre l a t ed with 
clinical finding s , chest roentgenograms , pulmonary function test s , 
blood gas analysis, tracheal cultures, bro11c.l1oscopic examination and 
autopsy data. The use of the 133xenon perfusion-diffusion scan ~I· 
lows an objective evaluation of various the rapeutic moda l it :cs in 
the treatment of inhalation inj uri es. 

lnhalat ion injury 
133xcnon lung scan 

- - - 0 0 . .. • •0 0 • 0 - k - • 0 •- - • 0 0 • -

·:: Nuclear Med Off, Dept of Medi c ine , Brooke Gene r .:i l Hosp . . Bfl1(1h• l\1111y 
Medical Center , Fort Sam Houston, Texas 78234 
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USE OF 133xENON IN EARLY DIAGNOSIS OF INHALATION INJURY 
IN BURNfD MILITARY PERSONNEL 

Chemical tracheobronchit is fol lows inhalation of smoke and other 
incomplete combustion products. The severity of mucosal injury is 
probably proportional to the concentration and duration of contact of 
the noxious agents. lnhalatiori injury predisposes the respiratory 
tract to infection and causes a significant increase in the mortality 
rate associated with thermal injury. 1 Signs of inhalation injury 
oft.en appear later in the postburn period and in some cases are 
evident only by autopsy. Early diagnosis, previously difficult, 
permits early therapy and may m1n1m11e both acute disability and 
fatal septic pulmonary complications. 

l33xenon perfusion and ventilation tests are precise measurements 
of regional function in patient~ with pulmonary disease. 2 , 4 This 
study using l33xenon lung scans evaluates the early postburn period 
disturbances in ventilation in the absence of gross roentgenologic 
changes in burn patients and correlates these findings with the presence 
of inhalation injury. 

METHODS 

Fifty consecutive pat ienls with thermal injury due to flame, ad·· 
mitted to the US Army Institute of Surgical Research within 48 hours 
of injury, have been studied. All patients with scald and chemical 
burns were excluded from this report. Upon admission, a complete 
history was obtained, with care being taken to define pre-injury res•· 
piratory disease and smoking history. Following a thorough physical 
examination, a chest x-r y was performed and cJrterial blood was drawn 
for gas analysis. 

In the radioisotope laboratory, a l33xenon scan was performed, 
using a Nucledr/Chicago scintillation camera with an I 1.5-inch sodium 
iodide crys t al and a diverging collimator by injecting 6-10 micro
curies of l33xenon dissolved in saline into either the antecubital or 
femoral vein. Serial scintiphotograms were obtained every 4 seconds 
during the initi3128-second period, then ~very 30 seconds until ven· 
tilatory clearance of the radioactive gas was comph:ted. 

133 
A normal scan demonstrated complete and equal clearance of the 

Xenon within a 90-second period while deviations from this pattern 
were considered abnormal. 

The physical findings, clinical course and laboratory results 
of all patients and the cJutopsy results for those patients who died 
were carefully recorded cJnd related to the observed scintiphotographic 
changes. 

9 t-,> 
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RESULTS 

fift een of the SO pati en t s studiC'd had al>non11al IJ :\ ~enon s<..ans on 
adm i ss ion to thi s 111 s t itut e . The average burn s i1 e was ~2 / tot a l 
body surface for the total group and 50'/ for those patients 
with abnormal xenon scans . Forty-one pal i en ls 1-Jcre injured in an en· 
c losed Speice, although only 79 acc idents were considered "closed sp.ice 
i!"juri es . 11 Eighty-seven per cent of the patie11ts with abnormal 
l33x enon scan s and 22'/ of pa ti ents with noniw l scint iphotograms we r e 
in j ured in a 11 c losed space ." 

f ac ial burns wer e present in 86/ of pa tient s with non11al xenon 
s ans , whil e burns of the heild and neck occurr ed in two-thirds of 
those with delayed isotope clearar,cc (s ec table). Two pa tients wit 
i1b11on,1 .i l scintiphotog ra 1s hild int ra-oral burn s . Carbonaceous sputum 
was produced in one·· ha 1 f of the pa t i ent s \-Ji th 133xenon vent i 1 at ion 
di s tu rba 11ces and ~-Jas not produced by patients with 11orinal sc.ins. In 
this series, carbon.iceous spu tum was seen e.irly in some patients but 
\'1 as usually ob se rved first on the third pos tburn d.iy. Hoarseness was 
noted in~ of the 15 patients with .ibnormal scans, bcgin11ing the second 
postburn day, and did not occur i11 any patients with a ne~Iat ivc S\..Jn. 
Wheez ing was subsequently recortlc-d in 7 patients who had de layed 
isotope ~ learance , usually starling the third day post injury. None of 
the pa ti en ts with nornw l scans h d whee1ing during the ir hospitalization. 

Pulmona ry a t e l ec t as is or infiltrates demonslr.itcd by roentgeno·· 
gram we re observed during the initial we ek post injury in two-thirds of 
the patients with delayed i sotope clear.ince, whil e patients with normal 
scans had a 6/ incidence of abnormal ches t X-ray findings. 

/\h1111r111a I Sc;111 s 

F,ICl' burn i: IO/ I '.', ( '1<1 'l) JO / 'Vi ( 8(, 'l) 

lntra-o r .11 IH1r11 s 'l. / I J ( I J7) 0/J'.J ( O?) 

Ca rb unact•u u s s putum 8/ .I '1 ( ';'F) I I I 'J 1) ( 0 1/. ) 

j 111 .1 r Sl ' ll l'S S lt/ I '1 (' 71) 0/'j '.j ( 0 /) 

Wlit ·l •% i 11)'. 7 I .I ~ (4 n > 0/J'i ( 07) 

M11 rt;1 I I ty ra ll' Y/15 ( ()()7.) I 0/ 'l '> (:l~i ' ) 

9G 
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Bronchoscopy,'carrled out in 5 patients with abnormal sclntl
photograms, revealed severe inflanmation of the mucosa, areas of 
mucosal sloughing, tissue casts and carbonaceous material. Ad
mission Pa02 on room air was 82 nwnHg for the normal scan group and 
77 nwnHg for the abnormal 133xenon scan group. 

The mortality rate was significantly hl~her for the patients with 
abnormal sclntlphotograms (60°/4) compared with the other group (28%). 
Autopsies were performed in all 19 patients Ir this study who ex
pired. Six of the 9 patients dying in the group with abnormal scans 
had pathological pulmonary findings of carbonaceous material, mu
cosa! inflanwnation or sloughing without infection, and bronchial 
casts, and all were diagnosed as having inhalation Injuries. The 
remaining 3 cases had mucosal damage with superimposed bacterial In
fection. The autopsies of the 10 patients with normal scans who 
expired revealed normal lung tissue in 8 and hematogenous pneumonia 
in 2. 

DISCUSSION 

l33xenon and sclntlphotograms are widely employed to measure both 
the perfusion and the dlffuslon•ventllatlon phases of pulmonary func
tion. The accuracy of this technlc in documenting abnormalltles of 
the components of respiratory function has been reported by several 
investigators. Since inhalation injury prlmarlly affects the airways, 
l33xenon scans were employed to evaluate ventllatory changes in the 
lungs of burn patients. 

There was uniform agreement between the 133xenon scan diagnosis 
of Inhalation injury and cllnlcal pathological findings. In patients 
with abnormal scans, the diagnosis of Inhalation injury was confirmed 
clinically by the production of carbonaceous sputum, hoarseness, 
wheezing, visual changes at bronchoscopy and/or autopsy findings. 
Two or more clinical diagnostic criteria for Inhalation injury were 
present In e•ch case except for 2 petlents who expired within 72 hours 
of Injury and demonstrated conclusive autopsy findings. Although 
most patients ultimately exhibited multiple cllnlcal signs of Inhala
tion injuries, these findings were often not dlscernlble until roent
genologic changes were obvious or the Individual developed a compllca
tlon secondary to the Inhalation Injury. 

X-ray abnormalltles were common In the group with abnormal scans 
but we1·e often nonspecific and frequently developed after the third 
postburn day. Over 901 of the patients with normal xenon clearance 
at admission had no pulmonary complication requiring treatment dur
ing their hospital course and only 2 patients In this "normal" group 
had radlologlcal findings consistent with pneumonia. In each of 
these patients, septicemia was documented prior to the onset of the 
x•ray abnormalities, and the pneumonia was considered hematogenous In 
origin. 
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Although no false positive or negative diagnoses were made In 
this series, both are possible. A complete history of prelnjury pul
monary disease and cigarette smoking should be obtained. Diseases 
such as bronchitis, bronchlectasls, asthma, and vlral pneumonia can 
produce ventllatory abnormalltles on xenon sclntlphotograms slmllar 
to those we have observed fol lowing inhalation injury. The admis
sion chest fllm, usually normal Immediately following lnh•lation ln
jury,I may be helpful In diagnosing pre-existent pulmonary disease. 
Patients with a prior history of respiratory tract disease or heavy 
smoking whose xenon scan Is abnormal on admission should have the test 
repeated after a brief but vigorous period of Intermittent positive 
pressure breathing with bronchodllators. Such therapy may change the 
xenon clearance pattern of patients with medical pulmonary disease, 
reducing the Incidence of false positive diagnoses. 

Conversely, hyperventll•tlon could theoretically result In such 
rapid clearance of the radioactive gas from the lung that lnequalltles 
In the ventllatlon pattern might be missed, giving a false negative 
result. All patients In this series had a respiratory rate of 20 or 
less at the time of lnltlal testing. 

Postponement of the scan examination to the fourth postburn day 
or later may be another source of false negative tests. The maldls
trlbutlon of ventllatlon and del•y of gas clearance are presumed to 
be secondary to airway Inflammation and occlusion which, If minimal, 
may resolve promptly. Xenon clearance patterns reverted to normal by 
the fourth postburn day In 80% of the patients, although gas "trapping" 
persisted for up to 10 days In severe cases. 

The perfusion patterns observed with xer,n scan technlc employed 
In this study were normal In every p•tlent. Although both the Intra
venous or Inhaled routes using xenon gas can be used to demonstrate 
ventllatlon abnormalltles, lntraveno~s administration technlc is more 
adaptable to the burn p•tlent, for no active patient cooperation Is 
required. The Inhalation technlc with 133xenon requires active pa
tient ~artlclpatlon, Including lengthy periods of breath holding 
often not possible In severely 111 patients. In addition, the T}3xenon 
scan Is easy and safe to perform. Calculations show that an Intra
venous Injection of 4o mlcrocurles of 133xenon, or 4 times the amount 
used In this study, results In a 10-mllllrad gonadal dose, a small 
percentage of the gonadal dosage delivered by conventional pelvic 
x•ray.3 

In this series, evidence of ln~alatlon Injury occurred in 30"t of 
the. patients, an Incidence 10 times higher than previously apprecl• 
ated following flame burn using usual diagnostic criteria. This In
creased Incidence of Inhalation Injury represents cases which may not 
have been diagnosed without the 13,xenon scan because of lack of 
definite cllnlcal signs. 
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SUMMARY 

A SO-patient prospective study was completed to evaluate the 
use of l33xenon lung scans In the diagnosis of Inhalation Injury. 
Results demonstrated that l33xenon sclntlphotograpny prior to 
the fourth postburn day Is an easily performed, accurate diag
nostic test for Inhalation injury prior to the onset of symptoms, 
the validity of which has been confirmed by cllnlcal and autopsy 
correlations. The lung scan can be performed In acutely burned 
patients without active patient cooperation. With careful atten
tion to the Individual's prior medical history, the admission chest 
x-ray and early scanning, the incidence of false Interpretations 
of the xenon ls low. Diagnosis by 133xenon scan allows Institution 
of early therapy of this Injury which may reduce secondary bacterial 
complications and lower the high mortality (60"/4) associated with 
Inhalation injury. 
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The controversy concerning the primacy of volume or sodium in 
revers:ng postburn shock has been rekindled by studies of hypertonic 
saline resuscitation. Further, the position of colloid in such 
resuscitation is not certain. This study evaluates the individual 
effects of volume, sodium, and colloid on early postburn hemodynamics 
in awake, burned dogs. 

Thirty-six dogs were randomly assigned to treatment groups in 
a factorial design, receiving 30, 60, or 120 ml/kg, 3, 6, or 12 
mEq Na/kg, and O or I gm albumin/kg intravenously in all combina
tions. Two additional dogs served as untreated controls. Blood 
gases, electrolytes, renal indices, and cardiac output were measured 
pre-injury and serially during the study. Glomerular filtration rate, 
sodium clearance, and balances were calculated. 

Volume and sodium administra t ion are statistically significant 
independent factors in resuscitation. Colloid exerted no greater 
effect on cardiac output. Multiple regression analysis of the 
relative effects of sodium and volume (y= a+ b [vol]+ c (Na] ), 
indicates that one milliequivalent of salt exerted a resuscitative 
effect on cardiac output equaled by 13 ml of volume and that these 
effects were additive. 

Plasma sodium and renal sodium clearance were higher in animals 
receiving hypertonic solutions. Arterial pH was normal In all resus
citated animals. GFR paralleled cardiac output. Further work is 
being carried on to validate the accura~y of the formula in predicting 
return of cardiac output. 

Thermal injury 
Resuscitation 

Cardiac output 
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23. (U) To evaluate an Intermittent compression unit's capability to prevent or 
reduce edema In the early postburn period in a mi 1i tary population. 

DA 

24. (U) Thirty freshly burned patients with extremity burns will be cleaned and 
debrlded on admission. Measurement of the PIP and DIP Joints, and wrists will be 
made with unmarked sterl le alum.lnum tapes and range of motion of al I Joints measured. 
Cultures of the hands will be taken. Extremities will be covered with Sulfamylon 
burn cream and randomly treated open with elevation or placed ·In the compression boot. 
The machine wlll cycle 40 seconds on, 20 seconds off at a pressure of 40 11111. At the 
end of lt8 hours the ,boot will be removed, the extremities measured and recultured. 

25. (U) 72 01 - 72 06 Preliminary evaluation reveals that extremities treated with 
the compression boot became less edematous than with conventional treatment. 
Removal of the boot Is not followed by Increased edema. 

·----- -· 
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Normal muscle contraction in an extremity produces pressure 
that acts on lymphatics and venules, propelling lymph and blood 
proximally. The patient with a burned extremity has disruption 
of vascular integrity and also voluntarily inmobilizes his arm, 
two factors that promote disabling edema. An intermittent com
pression unit has been found useful in reducing primary lymphedema 
and edema secondary to varicose veins and post radical mastectomy. 
Circumferential, even pressure intermittently applied to the ex
tremity simulates the milking action of muscle contraction. 

The purpose of this study is to evaluate an intermittent com
pression device's capability to prevent or reduce edema in the 
early postburn period. 

Thirty early postburn patients with bilaterally symmetrical 
extremity burns will be cleansed and debrided on admission. Mea
surement of the PIP, DIP joints and wrists will be made with 
sterile unmarked aluminum tapes. Cotton swab cultures will be 
taken of all hands. Each patient's burns will be treated with 
Sulfamylon burn cream and one extremity, chosen randomly, will be 
plac~d in the compression boot for 48 hours. The opposite limb 
will be treated during this time in the usual manner with eleva
tion, unlim i ted activity and night splints. At the end of 48 hours 
the limb will be removed from the boot and circumferential mea
surements will be repeated of both extremities. Both limbs will 
be recultured and then treated with elevation and unlimited motion. 
Range of motion of wrists and fingers will be made of both hands 
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at 21 days postburn and on discharge. 

To date 6 patients with synmetrical burns of the upper ex
tremities have been studied and in all 6 cases the arm treated 
with the intermittent canpression machine showed a greater reduc
tion in edema after 48 hours than the standard treatment. However, 
at 21 days there was no difference in function between the two 
hands receiving the two forms of therapy. At 21 days there was no 
difference in size between the two hands. 

It is planned to study 24 more patients. However, if there is 
no difference in functional result or in demonstrable edema between 
the two methods of treatment, then the standard JSR therapy of 
inmediate elevation, unlimited activity and no dressings would 
seem preferable to the intermittent compression machine, the use 
of which requires nursing time and special care. 

Intermittent compression 
Postburn edema 
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23. (U) To evaluate the valldlty of present types of therapy thought to decrease upper 
extremity clema and to discover which If any Is best. 

24. (U) (a) One half of all patients with burned extremities wlll be treated with 
elevation, l111110blllzatlon and a compression dressing for the first 72 hours. The other 
half wlll be treated open. Measuranents of the llmb will be made at 24 and 72 hours 
to see which group has more swell Ing. 

(b) All patients wlll have extremity elevation at night for 8 hours. Measure
ments at night and the morning wlll determine If elevation decreases edema. 

(c) All Joints of the hand wlll be taken through a passive range of motion 
for 15 minutes. Measurements before and after wlll conflnn If this decreases edema. 

(d) Patient wl 11 be measured before and af,ter 15 minutes of hydrotherapy wl th 
active moblllzatlon to see If this decreases edema. 

25. (U) 71 08 • 72 06 . (a) Though edana decreased In both groups, extremities placed 
In a compression dressing were less edematous after 48 hours than controls. 

(b) Eight hours of elevation successfully decreased edana. 
(c) Passive Mnlpulatlon did not decrease ed ... 
(d~ Hydrotherapy and active exercises for 15 minutes did not decrease edema. 

--- -•. 
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Edema, a universal sequelae of thermal 1nJury to the upper ex
tremity, impedes early function and may prolong eventual rehabili
tation of the burned hand and forearm. Because postburn edema im
pairs restoration and eventual rehabilitation of the upper extremity, 
elevation, active and passive exercises and compression dressings 
are often employed to minimize postburn swelling. The purpose of 
this study was to evaluate some present methods of management of 
upper extremity edema. 

Eighty-two extremities were studied. Urrnarked aluminum tapes 
were used to measure the effects of open treatment versus canpres
sion dressings, nightly ele\lation, passive motion, hydrotherapy and 
an intermittent canpression device on edema. One thousand four hun
dred seventy-six measurements over 492 joints were performed. Com
pression dressings with elevation were more effective in reducing 
edema than active exercise and elevation in the first 48 hours post
burn. Nightly elevation for 8 hours consistently reduced edema. 
The intermittent compression devise significantly reduced edema 
without active patient participation. Neither passive nor active 
exercise of short duration were effective in reducing edema. 

Edema 
Upper extremity 
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POSTBURN EDEMA OF THE UPPER EXTREMITY: 
EVALUATION OF PRESENT TREA'TMENTS IN MILITARY PERS~NNEL 

Postburn edema of the upper extremity often presents a severe 
functional rehabilitation problem. The limb becc,mes swollen with a 
proteinaceous transudate that makes movement difficult and painful. 
The patient voluntarily immobilizes his hand in a comfortable, non
functional position which is thought to promote edema formation. 
The end result may be periarticular fibrosis, ankylosed joints and 
tendon adhesions. Thus, the surviving burn patient often experiences 
limitation of function that necessitates future reconstructive sur
gery. A review of the literature reveals a significant lack of agree
ment on early burn management to retard such edema with many impres
sions, but few controlled studies. For the first 48 hours, some 
authors advocate elevation, immobilization and a compression dressing 
(putting the hand at rest). Others believe in no elevation, com
plete mobilization and only a night splint. Some reconmend passive 
mobilization of joints, other condemn it as dangerous because if 
injudiciously performed more trauma and edema may result. Hydro
therapy is popular with some authors, while others insist that the 
open granulat;ng bed absorbs water, becomes boggy and less mobile. 
The purpose of this study was to evaluate the present types of ther
apy thought to decrease upper extremity edema and to discover which, 
if any, is effective. 
METHOD 

All burned extremities were cleansed and debrided on admission. 
Provisional diagnosis was made of second and third degree burn 
(~orrect depth of burn was determined later by the patient's need 
fo ,r grafting). Twenty-four hours after burn, one-half of the ex
'tremi ti es (picked in random fashion) had Sulfamylon burn cream 
applied, were wrapped in a soft compression dressing in the position 
of function and elevated in a Thomas splint, arm at sternum level 
and forearm flexed to 90° and immobilized for the next 48 hours. 
The rest of the burned extremities had Sulfamylon burn cream applied 
and were allowed unlimited activity for the next 48 hours. Sterilized 
unmarked aluminum tapes were used to measure the circumference at 
the PIP, distal palmar crease and wrist 24 hours postburn and 48 
hours after the patient was begun on the study. 

Following the 48 hour measurements all patients were treated 
alike according to the usual JSR protocol. However, each night 
from 2200 hours to 0600 hours all burned extremities were elevated 
with the arm at the level of the sternum, forearm and hand at 90° to 
the upper arm in a Thomas splint or from an JV pole. Measurements 
of the proximal interphalangeal joints, distal palmar crease and 
wrist were done before and after elevation. 
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The burned wr;st, MP, PIP and DIP jo;nts were gently taken 
through a full range of flexion and extension 25 times per minute 
for S m;nutes each day by the physical therapist. Measurements of 
these jo;nts were made immediately before and after exerc;se. 

All patients received 15 minutes of hydrotherapy each day. De
bridement was performed when necessary and act;ve motion of the 
f;ngers was encouraged. Measurements were made ;mmediately before 
and after hydrotherapy. 

RESULTS 

One thousand four hundred seventy-six measurements over 492 
joints were performed. Table 1 reveals that the standard therapy 
for the first 48 hours of elevation and unlim;ted motion did not 
s;gn;ficantly decrease upper extremity edema. In fact, the wrist 
actually ;ncreased in s;ze, though this was not signif;cant. Table 
2 reveals that those patients placed in a compression dress;ng for 
48 hours experienced a stat;st;ca11y significant decrease ;n wrist 
swe11;ng. Eight hours of n;ghtly elevat;on s;gnificantly decreased 
wrist edema (Table 3), but not edema of the f;ngers or d;stal palmar 
crease. Neither passive exercise (Table 4) nor active exercise in 
the Hubbard tank (Table 5) were effective in reduc;ng edema at any 
time in the postburn course. 

CONCLUSIONS 

None of the techniques stud;ed dramatically decreased edema in 
the early postburn period. All patients, however, were followed 
for a mininun of 30 days post ;njury and none develop~d a chron;
ca11y edematous hand. In all patients most gross edema had sub
sided by 5 days postburn, as indicated by subsequent measurements of 
the involved parts. The techn;ques of therapy tested had 1;ttle 
effect on early postburn edema, but ;t ;s very possible that aggres
sive mobilization of the burned extremity, both active and passive, 
favorably affects edema resolution and function as ind;cated by 
absence of chronic edema in these pat;ents. 
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Table 1 • Effect of Standard Therapy 

Pretreatment Post-Treatment 
PIP DPC wr;st PIP DPC Wrist 

Hean 7.4 22.2 19.9 7.2 21. 7 20.4 

Nr. of Ob. 7 7 7 7 7 7 

. I s.o. 0.6 1.5 2.4 0.5 1.3 2.5 

S.E. 0.2 0.6 0.9 0.2 0.5 0.9 

T 0.6275 0.6112 - 0.3535 

NS NS NS 
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Table 2. Effect of Compression Dressing 

Pretreatment Pos t-Trea tmcnt 
PIP DPC Wr1st PiP DPC Wrist 

Mean 1.a 24.o 19.6 7.6 22.1 18.6 

Nr.of Ob. 5 5 5 5 5 5 

s.o. 0.2 1.5 o.4 0.2 0.9 0.6 

S.E. o. t 0.1 0.2 o. t o.4 0.3 

T t .4144 t .4865 2. 7746 

NS NS p < 0.05 

p > 0.02 
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Table 3. Effect of Passive Exercise 

Pretreatment Pos t-Trea trnent 
PIP DPC Wrist PIP DPC Wrist 

Hean 8.0 22.9 19.4 8.0 22.9 19.2 

Nr.of Ob. 28 28 28 28 28 28 

s.o. o.a 0.9 1.3 o.8 o.8 1 .2 

S.E. 0.1 0.2 0.2 0.1 0.2 0.2 

NS NS T = 0.58 

NS 
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Table 4. Effect of Hydrotherapy and Short Term Active Exercise 

) 
Pretreatment Post-Treatment 

PIP DPC Wr{st PIP DPC Wrist 

Mean 7.4 21 .8 18.0 7.4 21.6 18.0 

Nr.of Ob. 26 26 26 26 26 26 

s.o. 0.5 1.2 1.0 0.5 1 .4 1 • 1 

S .E. 0. 1 0.2 0.2 0. 1 0.3 0.2 

NS T = 0.5428 NS 

NS 
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Table 5. Effect of 8 Hrs of Elevat;on 

Pretreatment Post-Treatment 
PIP DPC WrisT" PIP DPC Wd st 

Mean 7.6 22.2 18.8 7.3 22.0 17.9 

Nr .of Ob. 16 16 16 16 16 16 

s.o. 0.5 1 • 6 1.2 0.6 1 .2 1 • 0 

s .E. O. 1 0.4 0.3 0.2 0.3 0.3 

T 1.4880 0.3874 2.2321 

NS Nf. p < 0.05 

p > 0.02 
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Thermally injured patients with total body surface burns greater 
than 4C1'/. invariably have large increases in respiratory minute volumes 
(up to 70 L/min)and in tidal volumes (up to 30 ml/kg body weight). 
This study has been undertaken to determine whether this marked in
crease In ventilation is harmful to the lung. 

The effect of positive pressure ventilation for six hours with 
room air to ventilator peak pressures of 40 cm H20 Is being studied 
using goats as the experimental model. A pilot study with 4 normal 
goats, 5 goats subjected to tracheotomy, ultrasonic mist, and venti
lated for six hours at high pressures, then sacrificed 24 hours 
post-ventilation, is currently being completed, 

Excised lung air and saline compliance curves have shown only 
minor inconsistent differences between these 3 groups, while surface 
tension balance studies of bronchial washings have revealed no 
changes attributable to ventilation. Lungs of ventilated goats 
have consistently had areas of atelectasls grossly, are slightly 
edematous, and arc heavier on a grams per kilogram body weight basis 
than are the lungs of control goats. Currently, It Is planned to 
attempt lecithin analysis of lung tissue using isotope-labelled 
lecithin. 

Surfactant 
Surface tension 

Comp 1 i ance 
Hyperventilat!on 
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PJ51TIVE PRESSURE VENTILATION AND SURFACE TENSION IN LUNGS-
ANIMAL HODEL TO EVALUATE THERAPY or INJURED TROOPS 

A study by Greenfield, et al., In 1964 1 reported the effect of 
positive pressure ventilation In dogs using very high tidal volumes. 
The pressures used during ventilation were those required to pro-
duce a palpable paradoxical pulse in the femoral artery. It was found 
that venti lat Ion at this pressure (usually 26-32 cm H20) produced no 
change in surface activity of lung extracts obtained immediately after 
the period of ventilation. However, extracts obtained ?4 hours post
ventilation were noted to have a significantly elevated minimum sur
face tensicn, and the lungs were noted grossly to have patchy atclec
tasls and edema. Surface tension and gross examination of the lungs 
became progressively more normal when examined at 48 and 72 hours 
post-ventilation. 

Thermally injured patients with total body surface burns greater 
than 401/. invariable have large increases in respiratory minute volumes 
(up to 70 L/min) and in tidal volumes (up to 30 ml/kg body weight). 
lhis study has been undertaken to determine whether this marked increase 
in ventilation is detrimental to the lung, and to confirm or disprove 
the work reported previously. 

MfTHODS 

Angora goats were anesthetized with pentobarbital and tracheos• 
tomy performed. The animals were allowed to recover from anesthesia 
and then were allowed to breathe spontaneously for a period of 24 
hours utilizing ultrasonic nebulization for humidification of the air
way. lhe experimental group (5 goats) was subjected to ventilation 
using a Morch piston-driven ventilator at peak pressures of 40 cm 
H20 with room air humidified to 100'/c, relative humidity at 37•c for a 
period of six hours. Ventilator pressures were measured by a Sanborn 
differential pressure transducer connected to a T-tube extension of 
the cuffed endotrachea l tube. Tidal volumes were measured inter-· 
mittently wlti, a S!ead- Wells 13.5' liter splrome_ter, and the volumes 
were corrected for internal compression of the ventilator and to 
BTPS. Carbon li oxlde ln quantities sufficient to maintain the ar
terial Pco2 i the range of 25 to 35 torr was added at the 02 port of 
the ventiiatc,r. Following the period of ventilation, the goats were 
allowed tc, ventilate spontaneously again with ultrasonic humldifi•· 
cation fo,· a period of 24 hours. They werr. then sac.·ificed with 
potassium ~hloride, and the lungs were excfsed and examined grossly. 

lhe left lung was weighed, and al r and saline comp I lance deter-· 
mined in the manner described below. The mainstem bronchus of the 
left lung was catheterized with a large bore plastic cannula, The 
lung was then placed within a 3-liter plastic box connected to a onc-

1.Zl 
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liter spirometer. The lung was inflated and deflated with a constar,t• 
rate motor-driven syringe, allowing 30 seconds for the total respira
tory c.ycle with air anci 30 minutes with saline. Pressure was deter
mined Ly a Sanborn differential pressure transducer with one limb con· 
necterl by t-tube between the syringe and lung and the other 1 imb con .. 
nected to the plastic box containing the lung. Volume changes were 
determined by means of a potentiometer mounted on the splrometer. 
Both pressure and volume signals were amplified and recorded on a 
Sanborr, 4- channe 1 recorder. 

The lungs were inflated two or three times with pressures of 30 
cm H20 and then volume- pressure curves were recorded during the sub
sequent 6 respiratory cycles with inflation~ to 20 cm H20 and defla
tions to O cm H20, Air compliance or total lung compllanc.e (CL) was 
determined by the volume change during deflatio 1 from IS to S cm H20 
according to the method of Beckman and Welss.2 The lungs were then 
inflated with normal saline to the same volume obtained with air at 
20 cm H20 and deflated. The tissue comp I ianc.e ( Ct is)was calc.u• 
lated by dividing the volume change by the re~sure change over the 
flat portion of the saline deflation curve. 

lhe compliance due to surface forces (Csurf) was est irnated by 
a formula used by Beckman: 2 

Because of unequal sl7.e among the goats, CL• Cti~• and Csurf 
were divided by body weight or by lung weight to obtain data that 
would be equivalent from animal to animal. 

Sections of the right lung were taken for light and electron 
microscopy. Surfactant samples were obtained with transbronchial 
saline flush of the excised right lung and evaluated with a modified 
Wilhelmy balance and Langmuir trough as described by Comroe.3 The 
disc-driven barrier speed was O •· 3.2 mm/sec.. 

Five goats were used as controls and treated in the same mannc:r 
as the experimental animals except that they were not suhje~ted to 
the period of positive pressure · vcntilation. 

Four other goats were sacrificed without treatment of any kind 
and their excised lungs were analyzed in the manner described above. 

RESULTS 

One goat in the experimental group was noted after excision of 
the lung to have a severe bronchopneumonia which cultured ~.t .aph_y· 
loco cus aureus, coagulase positive. The data from thl~ goal was 
·su-bs.,:'q.uen"i°i); ·deleted from the study. 
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The other 4 experimental goats received positive pressure ven
tilation for six hours at a mean peak pressure of 40.9 cm ~O. The 
mean tidal volume was 642 ml or 51.3 ml/kg body weight. The mean 
respiratory rate was 16,8 with an average expired minute volume of 
10,750 ml. 

Gross examination of the excised lungs of the experimental 
group revealed a considerable amount of patchy atelectasls and oc
casionally emphysematous blebs appeared on the lung surface Indicating 
that the degree of hyperinflation was great enough to produce alveo
lar wall rupture. 

Compliance data for the 3 groups of goats are given In the 
table. Csurf for the experimental goats when divided by the lung 
weight was.0134 ml/cm H20 gm as compared to a mean of .0162 ml/ 
cm H20/gm for the controls. This represents a decrease of li/4. 
Csurf divided by body weight was .56 ml/cm tf20 for experimental goats 
and .62 ml/cm H20 (10% decrease). These differences were not signi
ficant . The hyperlnflated lungs were slightly heavier on a gm/kg 
body weight basis, and the edema which this represents may have pro
duced these small differences In compliance. 

Hlstologlcally, experimental lungs had areas of atelectasis In
terspersed with sections of overdlstended alveoli. An Interstitial 
edema was present In all of the hyperlnflated lungs, but this was of 
a mild degree and was occasionally found even In control lungs. 

The qualitative activity of the surfactant determined by the 
Wilhelmy balance and Langmuir trough was well within the ~ormal range 
for both the experimental and control goats. 

Quantitative assay of lung lecithin ls currently In progress but 
ls not expected to reveal any significant differences, 

SUMMARY 

Angora goats mechanically ventilated for a period of six hours 
with tidal volumes of 51 ml/kg body weight and ventilator peak pres
sures of 40 cm H20 had no significant differences In excised lung 
compliance or surfactant activity i4 hours after ventilation. The 
vent l lator pressures used were ext : .. emely high and may have been 
responsible for the structural changes seen within the lungs, namely, 
overdlstention of alveoli and atelectasls ~f adjacent areas of lung 
tissue. 

In conclusion, we have been unable to show consistent changes 
In lung surfactant following mechanical ventilation with large tidal 
volumes. The reason for the discrepancy between the results of this 
study and that by Greenfle1d 1 are unknown. 

"' , ,,., 
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It is currently planned to add 3 more goats to each group and 
to complete the analysis of lung lecithin, 
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23. (U) To define the extent of cont•lnatlon of lnhalatlon therapy equl.-.nt In our 
burn unit. To test the effectlvenss, In our burn unit, of standard cont•lnatlon 
progras. To prevent the generation of bacteria containing aerosols when nebullzers 
are used In the course of lnhalatlon therapy tr .. taents. 

24. (U) Purl tan al 1-purPose h .. ted nebul lzers, Ohio deh"• heated nebul lzers, and 
DeVllblss ultrasonic nebullzers were studied during the course of Inhalation therapy 
tr .. taents. The reservoir ch..,.rs froa which the fluld was nebullzed was sapled 
aseptlcally when the lnstr1111ent was set up for use, and during contlnusous use at 2, 4, 
6, and 24 hours after starting. After deter11lnlng the level of cant•lnatlon of these 
lnstr&aents under ordinary therapeutic conditions, a standard progr• of decantMlnatlon 
was Instituted. The study In no way Interfered with the routine adlllnlstratlon of tn
halatlon therapy as coaonly practiced In our burn unit. 

25. (U) 71 07 - 72 03 Forty-six per cent of the lnltlal 382 speclaens, collected from 
15 patients, were cont•lnated with bacteria. Twenty-four per cent were cont•lnated 
with gr• negative organlSM, and 29 per cent with gr• Positive organlsM. After the 
Institution of the decont•lnatlan progr•, utlllzlng Cldex (gluteraldehyde), ethylene 
oxide sterlllzatlan and dally nebullzatlon of one quarter per cent acetic acid, the 
degree of cont•lnatlan of nebullzer challbers was slgnlflcantly reduced (p less than 
.001). Of 612 specl..,s,collected fre111 27 patients after Institution of the decon• 
t•lnatlan progr•, 2.8 per cent were contMlnated with gr• negative organllffll, and 
o.8 per cent with gr• positive organls•. 
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ABSTRACT 

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

REPORT TITLE: BACTERIOLOGIC SURVEY OF INHALATION THERAPY EQUIPMENT 
IN A BURN UNIT -- POTENTIAL SOURCE OF AIRBORNE 
PNEUMONIA IN BURNED TROOPS 

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

Period covered In this report: I July 1971 - 30 June 1972 

Investigator: Alan H. Horris, HD, Major, HC 

Reports Control Symbol HEDDH-288(RI) 

The degree of contamination of the nebullzlng chambers of Puritan 
all-purpose nebullzers, Ohio deluxe nebullzers, and DeVilblss ultra• 
sonic nebullzers in use in the US Army Institute of Surgical Research 
was determined both before and after the institution of a decontamina
tion program. The fluid In the nebullzer chamber was sampled asep
tically at the time the Instrument was set up for patient use and at 
2, 4, 6, and 24 hours after use began. The collection of these 
specimens in no way Interfered with the use of the nebullzers in the 
routine administration of Inhalation therapy as commonly practiced 
at the US Army Institute of Surgical Research. 

Before the Institution of decontamination procedures, 46%, of 
382 specimens collected from equipment used on 15 patients, were con
taminated with bacteria. Twenty-four per cent were contam inated with 
gram negative rods, and 29°/o with gram positive organisms. Pseudo
monas, Providence species, and Klebsiella aerobacter organisms were 
the predominant gram negative organisms recovered. After the lnsti
tut:on of a decontamination program suggested by the American 
Thoracic Society, involving the use of Cidex {gluteraldehyde), and 
nebullzed one-quarter per cent acetic acid (American Review of 
Respiratory Disease 98:3, 1968), the degree of contamination of 
nebullzer chambers was significantly reduced (P < 0.001). Of 612 
specimens, collected from 27 patients after institution of the decon
tamination program, 2.8"£ were contaminated with gram negative organ
isms, and 0.8l with gram positive organisms. A decontamination pro
gram proved effective In ordinary hospital settings has been shown 
to effectively eliminate the problem of bacterial contamination of 
nebullzatlon equipment In the burn unit as well. 

Nosocomlal pneumonia 
Nebullzer decontamination 

Inhalation therapy 
Bacterial decontamination 

Nebu 11 zer 
Aerosols 
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BACTERIOLOGIC SURVEY OF INHALATION THERAPY EQUIPMENT IN 
A BURN UNIT--POTENTIAL SOURCE OF AIRBORNE PNEUMONIA 

IN BURNED TROOPS 

Since 1955, several physicians have noted an increase in bacterial 
Infections associated with the use of nebullzers. These observations 
h~ve been nade within the larger framework of concern about hospital
acquired infections. In 1968, Dr. Finland reported that approxl• 
mately 15% of all hospital admissions acquire an Infection while In 
the hospital and that approximately one-third of these, or 5¼ of 
~,, hospital admissions, acquire pneumonias while In the hospital. 
Host of these pneumonias are due to gram negative bacilli, and a 
smaller number to staphylococci. Nebulizers, such as the Bird main
stream nebulizer Illustrated in Figure I, can contribute to this 
serious problem of hospital-acquired pneumonia. As air passes 
rapidly through the nebulizer jet, it causes water to be drawn up 
through the small capillary tube from the reservoir, and mechan
ically broken into a shower of fine particles as the air-fluid mix
ture is driven against the solid wall. Since the water Is mechan
ically broken Into a series of particles to make a mist, any bac
teria present In the water are Incorporated Into the pnrticles so 
formed, and delivered to the patient to be inhaled. Heated humi
difiers, which employ only evaporation and not mechanical disrup-
tion of fluid to humidify the gas, do not present this hazard. In 
1964, the first serious study of the role of inhalation therapy 
equipment in hospital-acquired infection was carried out in six major 
hospitals in Dallas. In all six hospitals, 70 to 90"/o of the res
pirators produced a mist containing gram negative bacilli. The source 
of the bacilli was the large, heated, mainstream nebwlizers. Res• 
plrators wi t ho~t mainstream nebullzers, and with only small side
stream medication nebullzers, only rarely produced bacterial aerosols. 
Coincident with the widespread use of nebullzers, and with their 
widespread contamination with bacteria, there was a significant 
rise In the Incidence of gram negative necrotizlng pneumonia. Fol
lowing the Institution of a decontamination program, the Incidence 
of gram negative necrotlzlng pneumonia fell to a level not dlstln
gulshable from that during the years preceding widespread use of 
Inhalation therapy. 

Twenty-one months ago, we began a study of the Inhalation therapy 
nebullzatlon equipment at the US Army lnstl~ute of Surgical Research, 
where 4 different nebullzers have been used (Puritan all-purpose 
heated nebullzer, Ohio deluxe nebullzer, Bird mainstream nebullzer, 
and DeVllblss ultrasonic nebullzer). Samples were collected from 
the fluid In the nebullzer jar, aseptically, by aspiration through a 
vacutalner which had been Inserted through the finger of a sterile 
glove, so that the outside, as well as the Interior, of the appa
ratus was sterile and the chance of contamination of the nebullzer 
Jar during sampl Ing was thus reduced (Fig. 2). These studies were 

1zs · 
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carried out under routine clinical circumstances, without influencing 
the usual modes of therapy in our Institute, Three hundred eighty 
two specimens were collected from equipment used on 1) patients 
(Table 1). A total of 46% were contaminated with bacteria, 24% 
growing gram negative rods and 29°/o gram positive organisms. The 
predominant gram negative organisms were Pseudomonas, Providence 
species, and Klebsiella aerobacter (Table 2). The contamination 
was widespread (Fig, 3) and involved all nebulizers studied, in
cluding Puritan heated all-purpose nebulizers (indicated by the 
letter "P"), and DeVilbiss ultrasonic nebul izers (indicated by the 
letter "U"). The contamiration was associated with equipment used 
on many different patients, as indicated by the results from 4 pa
tients depicted in Figure 4. After the initial level of contamina
tion was determined, an inhalation therapy section was formed, and 
assumed complete responsibility for the care, preparation, main
tenance, and decon tam i nation of a 11 i nha lat ion therapy equipment. 
A decontamination regimen was instituted according to the reccmnenda
tions of the American Thoracic Society (Table 3). After use, the 
nebulizers were completely disassembled, scrubbed with a brush and 
a quaternary anvnonium detergent, and then rinsed with water. They 
were next soaked in "Cidex" for at least 45 minutes and rinsed with 
water. They were then dried and plactci in clean plastic bags. 
While in use, the nebulizer was filled with one-quarter per cent 
acetic acid every morning and the acetic acid nebulized for 15 to 
20 minutes, While the nebulizer was in use, the residual fluid in 
the nebulizer jar was discarded and the jar rinsed with distilled 
water before each refilling with distilled water. The results of 
studies of bacterial contamination of nebulization equipment, both 
before and after the decontamination program was instituted, are 
presented in Figure 5. Of 382 specimens collected from equipment 
used on 15 p3tients during the initial four-month period, approxi
mately 46% were contaminated. Of these 382 specimens, 247 were col
lected while the nursing personnel of the ward were responsible for 
the care and maintenance of the equipment. One hundred thirty-five 
specimens were collected after an inhalation therapist assumed full 
responsibility for the cleaning, care, and maintenance of equipment, 
but before any changes in cleaning procedure and before the decon
tamination program was Introduced. 

After the institution of the decontamination program, indicated 
by the heavy vertical line, the incidence of contamination successively 
fell, and the total contamination of the 612 specimens, collected 
during nine months following the institution of decontamination pro
cedures, was less than 4%. Both ultrasonic and ordinary nebulizers 
were successfully decontaminated (Fig. 6). Nebulizers were us ed con
tinuously for days without contamination as indicated by the re-
sults depicted In Figure 7. The days of continuous use without con
tamination are indicated on the horizontal axis, and the number of 
patients on the vertical axis. Two patients used nebulizers con-

131 
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Table I 

No. of 
Specimens 

% Gram 
Negative 

% Gram 
Positive 

15 382 24 29 

(Total contamination - 46%) 

Gram .. Ne..92.t ive 

Pseudomonas 

Table 2 

64 

Gr am Pos i ti V<' 

Baci 1 lus 88 

Providence species 26 Staphylococcus (-) 38 

Kl ebs iel la ae robacter 20 

Serratia 7 

E. Coli 5 

Mirna herellea 3 

Achromobacter 4 

Streptococcus 

Yeast 2 
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Table 3 

Nebullzer Decontamination and Care 

Preparation 

t. Disassemble, scrub brush, A-33, rinse 

2. Cidex (glutaraldehyde)45 minutes , rinse 

In Use 

3. Acetic acid 1/4%, nebulize 15-20 minutes dally 

4. Discard fluid, rinse jar before refilling 

Table 4 

No. of No. of lo Gram % Gram 
Patients Specimens Negative Positive p 

----·· 
(Before decontamination) 

15 382 23.6 26.8 

(After decontamination) <0.001 

27 612 2.8 0.8 

- -----· --

13·1 
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DAYS IN USE WITHOUT 
CONTAMINATION 

I 2 3 4 5 6 7 8 9 16 II 12 DAYS-CONTINUOUS 
USE 

Figure 7 
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tinuously for 12 days without contamination, one for nine days, 
three for eight days, and so on. None of the nebulizers repre
sented in Figure 7 became contaminated, and their use waster
minated when the patients' physicians discontinued therapy. 

The difference between the degree of contamination in the first 
382 specimens collected from equipment used on 15 patients, and that 
found in the next 612 specimens collected from ~quipment used on 
27 patients, was highly significant with a P value of less than 
0,001 (Table 4). Thc·se data indicate that even in a burn unit, 
with its very high level of bacterial conta~ination, inhalation 
therapy equipment can be successfully decontaminated and made safe 
for patient use. 

PRESENTATI 0~ 

Morris AH: Presented to the Amer Burn Assn, San Francisco, 
CA, 7 Apr 72 

PUBLICATIONS 

None 
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23. (U) To evaluate the soybean emultlon lntrallpld In the thermally Injured patient 
In terms of safety, clearance of the fat emulsion from the blood stream, and effect 
on complete blood count, and llver and pulmonary function. 

24. (U) Slngle 50 ml units of 10% soybean emulsion were administered over a 4-hour 
period to burn patients and 15 healed controls. Yitai signs were monitored prior to 
Infusion and serially taken each hour during thelnfuslon and 8 hours following adminis
tration. Fat clearance frCIII the blood was determined by plasma optlcal densities 
before the start of the lnfuslon.,d at 4, 8 and 24 hours post-Infusion. CBC and I Iver 
function tests were determined before Infusion and 24 hours following administration 
of• single unit of fat. Cardloresplratory function was detBrmlned follCMlng a single 
unit Infusion by Xenon 133 scan In eight patients, by standard pulmonary·~lffuslon 
tests In three patients, and by arterial blood gas analysis In 20 patients. 

25. (U) 71 08 - 72 06 No significant thermogenlc response to the Intravenous fat 
emulsion occurred In the group of control or burn pat•nts. Complete blood count and 
llver function studies were unchanged before and after the lnfusl01, of one unit of 
Intravenous fat. Clearance curves demonstrated accelerated plasma disappearance of th 
emulsion In the acutely burned patients when compared with resting controls. No chang 
In pulmonary function occurred by the Xenon 133 technlc or by determining pulmonary 
diffusion capacity following fat Infusion. Blood gas measurements were normal 
following admlnJstratlon of fat given at I, 2, or 3 gm/kg body weight. 

~-•v1ou1 SDITIONI OP THII PO-,. •• oetol.ST&. DD PO--'·""· I -v H 
AND .... , . I MAIi .. !POii __ ,. UISI ••• oetol.ST& . 
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ABSTRACT 
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REPORT TITLE: SAFETY OF PARENTERAL FAT EMULSION AS A CALORIC SOURCE 
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Single unit infusions of fat emulsion, lntrallpid, were evaluated 
in normal and hypermetabollc thermally injured patients. No signi
ficant thermogenlc response to the fat emulsion occurred in either 
group. Vital signs, CBC and liver function studies remained un
changed. Fat clearance curves demonstrated an accelerated plasma dis
appearance of the emulsion in the acutely burned patients. 133xenon 
perfusion-diffusion studies were normal, and pulmonary diffusion 
capacity measured by carbon monoxide rebreathlng test was likewise 
normal following infusion in 3 patients. Blood gas studies did not 
change following the infusion of single or multiple units of lntralipid. 
At present, the soybean emulsion appears to be a promising adjunct as 
a caloric source in the severely burned patient. 

Intravenous fat 
Intra! lpld 
Parenteral nutrition 
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SAFETY OF PARENTERAL FAT EMULSION AS A CALORIC SOURCE IN 
THERMALLY INJURED SOLDIERS 

Extensive weight loss and nitrogen depletion characterize lhe 
posttraumatic metabol le response fol lowing severe thermal injury. 
Vigorous nutritlo:ial support using combined enteral-parenteral feed
ings during the catcJbolic phase o f trauma reduces hody wasting and 
often al lows early caloric equi I ibrium and weight stabi I i zation to 
be achieved (Wilmore et al., 1971 1). However, use of hypertonic 
nutritional solutions in the burn patient is not without hazard, 
and complications of central venous catheteri zation, associated 
sepsis and nonketotic hyperglycemic coma have been reported, 
Fat emulsions contain 1-2 calorics/cc and yet are isotonic and 
may be administered by a peripheral vein, Lhus preventing many of 
the hazards associated with central venous feedings. The purpose of 
this study was to deter111ine Lhe safety of a soybean fat emulsion, 
intralipid, as a caloric source in thermally injured patients. 

METHOD AND MATERIALS 

Single 500 ml units of 10'/ soybc,m emulsion were· administered 
over a 4-hour period to 12 hypennetabol ic therma lly injured patients 
and 15 healed, convalescing controls. The emulsion, infused after 
8 hours of fasting, was administered at a constant rate between 
the hours of 0700 and 1100 by way of a forearm vein. Body tem
perature, pulse ralc, blood pressure and respiratory rate were 
monitored prior to the infusion and then serially tcJken each hour 
during Lhe infusion and 8 hours followin g administration. Fat 
cl earance from the blood was determined by measuring plasma optical 
density by spectrophotometry cJt 700 mu before the start of the in
fusion and at 4,8 and 24 hours postinfusion. Complete blood count, 
Lota I serum prolcins, albumin, al kal inc phosphatase, SGOT , total 
bilirubin and direct fraction were de termined before infusion and 
24 hours fol lowing administration of the single unit of fat. 

Eight patients with normal cardio-respiratory function were 
given an intravenous bolus of 133xenon gas dissolved In saline and 
serial pulmonary perfusion-diffusion scans made with a scintilla
tion counter. The overcJII characteristics of the lung fields were 
de termined by serial anterior-posterior scintiphotograms and the 
clearance rate of i:he gas studied by measuring disappearance rates 
of the isolope from the lung fields. Following the initial xenon 
study, a 500 ml unit of 10/ soybean emulsion was administered, 
and at the end of the 4-hour infusion a repeat 133xenon lung scan 
was performed. 

Pulmonary diffusion capacity was determined In duplicate In 
3 normal, convalescent, fasting individuals sitting in the upright 
position, using a standard carbon monoxide rebreathlng technique. 
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Following the infusion of 500 ml of 10"/4 fat emulsion over a 4-hour 
period, the diffusion capacity was again determined using the same 
technique. 

Single or multiple units of intravenous fat were administered 
to 20 severely burned Individuals requiring supplemental or total 
parenteral nutrition; Arterial blood was drawn at the start of the 
In fusion and at the end of infusion and analyzed for pH, Pco2 and 
Po2. 

RESULTS 

No significant thermogenic response to the intravenous fat 
emulsion occurred in the group of "control" or burn patients. Pulse 
rate, respiratory rate, blood pressure and body temperature remained 
normal in the control group of patients. Complet~ blood count and 
liver function studies were unchanged before and after infusion of 
one unit of Intravenous fat (Table 1). Fat clearance curves demon
strated accelerated plasma disappearance rate of the emulsion in 
the acutely burned patients when compared with the resting c,,ntrols 
(Fig. 1). 133xenon perfusion-diffusion scans were unchanged 
following the adminl1tratlon of the fat emulsion In the 8 patients 
studied. No change in distribution or rate of clearance of the 
xenon from the lung fields was noted (Fig. 2). 

Pulmonary diffusion capacity measured by carbon monoxide re
breathing technique demonstrated no change in the 3 patients 
studied (Table 2). Blood gas measurements carried out In 20 pa
tients demonstrated no significant changes in p02, Pco2 or pH 
following the Infusion of 1 gm/kg body weight, 2 gm/kg body weight, 
and 3 gm/kg body weight (Table 3). There was no evidence of 
cyanosls or respiratory Insufficiency associated with t~e fat 
Infusion. 

DISCUSSION 

Nutrition by vein is a common supportive measure in . the burn 
patient, using solutions containing 5'/. and IC.'/ glucose. Hypertonlc 
nutrient solutions, contcJlning 20'/ dextrose ,md 5·1 amino acids, 
administered by central venous catheter supply larger quantities 
of protein and energy substrate and often allow nitrogen equili
brium and weight stabilization to be achieved in the early cata
bollc phas~ of injury. Ho,,ever, sepsis (Boeckman, ~t al. ,19702); 
hyperosmotic nonketotic hyperglycemia (Wyrick et al., 19703); 
associated fungemlas (Brennan et al., 19714; hshcraft ct al. ,;9705). 
and the hazards of central vein cathcterlzation or prolonged 
cannula ,; lacement are comp I I cations .:issoclated with this tc-chnique 
which discourage frequent use of parenteral nutrition in critically 
111 patien t s. lntralipid, the fat emulsion studied, cont.:iins 

.., ,-, 
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TABLE 1. HEMATOLOGIC AND LIVER FUNCTION STUDIES BEFORE AND 
24 HJURS AFTER INFUSION OF 500 ML SOYBEAN EMULSION 
IN 15 NORMAL INDIVIDUALS (HEAN! S.D.) 

Before After 

He!'llatocrlt 41 ! 5 42 t 4 

wee 7,900 t 2,200 7,700 ± 2,200 

Total proteins + 7.3 - o.s 1.6 t o.4 

Albumin 3.6 ± o.6 3.7 ± o.4 

A lkallne pl-iosphatase 13 ± 3 lS t 4 

SG0T 30 ! 11 3!& ± 9 

Total b t 11 rub t n + o.s - 0.3 0.5 ! 0.3 

Dtrect btllrubtn 0.1 ! o.o + 0.1 - o.o 
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TABLE 2. DIFFUSION CAPACITY BEFORE AND AFTER INFUSION 
OF 500 Ml SOYBEAN EMULSION IN FOUR NORMAL 
INDIVIDUALS (MEAN± S,D.) 

Immediately 4 hrs 
Pre- Infusion 

__ ______ _____ __ .. .. ____ ___ Post- Infusion ____ . ---~<?.~!.--:. .~~fus ~~~--

33.88 ± 2.42 33.78 ± 2.58 34.49 ± 3.01 
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CLEARANCE OF 500ml. lNTRALIPID FOLLOWING 4hr. INFUSION 

~ 

4 

- Mton, 12 Htofthr Mtn 

- - - Mean, 11 Acute Burne 

0 
0 4 hra. 8 hra. 24 hra. 

Prelr fu1i0n Polllnftllion 

Figure 1. Clearance of 500 ml soybean emulsion 
(lntrallpld) following a constant Infusion over 4 hours. 
Points represent mean values with significant differences 
between values at 4 and 8 hours. 
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Figure 2A. Normal pulmonary scan following infusion of 
SOO ml of soybean emulsion demonstrating uniform perfusion.
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Jl

Figure 26. Normal pulmonary scan following infusion of 
SOO ml of soybean emulsion demonstrating equal distribution 
before clearance.
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Figure 2C, Normal pulmonary scan following infusion of 
500 ml of soybean emulsion demonstrating clearance of isotope 
almost complete at 88 seconds.
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soybean oil, egg yolk phosphalide and glycerol and provide~ one 
calorie/cc and may be administered by peripheral vein. Previously, 
however, complications did occur with fal C'mulsions, a11d the 
imn~diate side effects included fever, dyspnea, cyanosis, flushing, 
nausea, vomiting, headache and jaundice. Later compl ic.:itions in·· 
eluded hyperlipidemia, alterutlons in blood coagulation, liver 
dysfunction, anemia and deposition of intravenous fat pigment 
(Wretlind, 19626). In this study, the emulsions tested did not 
demonstrate thermogenic reactions, with units studied taken from 
10 different batches of fat emulsion. Blood chemical analysis 
demonstrates no changes in complete blood counts and 1 ivcr function 
tests following one unit of infusion. Further evaluation is being 
carried out with prolonged infusio11s to determine safety of th 
fat preparation. 

Previously, fat emulsions have been associated with dyspnccl and 
cyanosls. The frequency of major pulmonary complications following 
thermal injury emphasized the need to determine the effect of Intra
I ipid on cardiopulmonary function. Our studies to date have demon
strated no changes in the xenon perfusion··diffusion scan or clearance 
of the isotope from the lung fields after a single unit of fat in
fusion, no change in pulmonary diffu~ion capacity in 3 individuals 
following infusion, and no change in the blood gas values after 
administration of single or multiple units of the fat emulsion. 
We are presently continuing these safety studies wit~ multiple unit 
infusions over an extended period of time. 

The burn patient clears intravenous soybean emulsion from the 
blood stream at an accelerated rate. While clearance cannot be 
directly equated with fat utili7ation, previous studies have 
documented favorable weight gain and nitrogen response lo the ad
ministration of intravenous fat emulsions in clnimals and man 
(Schuberth, e t al., 19617). Autopsy and biopsy specimens document 
that the lipid does not accumulate in tissues, and there is a 
shift of respiratory quotients toward that of fat oxidation follow· · 
ing the administration of the soybean emulsion (Geyer, 19708). 
Further long-term studie s arc in progress to evaluate the effect of 
fat emulsion on the metabolic response to injury and to c~npare :he 
administration of glucose as a caloric substrate -to an iso
calorically matched quantity of soybean emulsion. 

SUMMARY 

Single unit infusions of fat emulsion lntralipid were evaluated 
in convalescent, healed burn patients and hypermetabollc, unhealed 
thermally injured patients. No significant thermogenic response 
to the fat emulsion occurred in either group. Vital signs, CBC 
and liver function studies remained unchanged. Fat clearance 
curves demonstrated an accelerated plasma disappearance of the 
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emulsion in the acutely burned patients, l33xenon perfusion• 
diffusion studies were normal, and pulmor,ary diffusion capacity 
measured by carbon monoxide rebreathlng test was llkewlse normal 
following Infusion In 3 patients. Blood gas studies did not 
change following the Infusion of single or multiple units of 
lntrallpld, At present, the soybean emulsion appears to be a 
promising adjunct as a caloric source In the severely burn~d 
patient, 
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23. (U) To evaluate the gastrointestinal absorption and nutritional ~fflcac:y of• 
standard high protein hospital diet In extensively burned patients. To see If there are 
any absolute or relative deficiencies or Imbalances of Mino acids, essential fatty 
acids, minerals, or trace elements with this diet for wounded soldiers. 

24. (U) Using c:onaerclally available ch•lcally defined diets and hospital prepared 
tube feeding preparations, absorption of fat and nitrogen across the gastrointestinal 
tract was determined. Stools were collected over 72 hours and analyzed for fecal fat• 
nitrogen Intake. Serum levels were determined for carotene, trace elaents, protein, 
uric acid, vlt•lns and minerals. 

25. (U) 71 07 - 72 06 To date, six patients have been•studled. Four of these patients 
demonstrated significant diarrhea associated with steatorrhea during their clinical 
course. The diarrhea was not related to the degree of body weight loss, "5erum protein 
level or other serum measur-.nt. Further studies are being performed to determine 
the role of systemic antibiotics used In the burn patl.,t on changes In bacterial 
flora, the effect of the catabollc phase of trauma on epithelial cell turn-over In the 
small bowel, and the alterations of absorptive enzymes following thermal trauma. 
Induction of enzyme sy"stems may be helpful to Improve absorption of chemically defined 
diets In the seriously Ill patient. 
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ABSTRACT 
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Seven patients with extensive thermal Injury and weight loss 
of greater than 10°/4 of body mass were studied to determine gastro
intestinal absorption of the star,c4ard hospltal diet. Patients 
received more than 3,000 calories per ay by enteral feedings which 
contained more than 100 grams of fat per 24 hours. In 3 patients 
studied, stool fat and nitrogen were within normal llmlts although 
absorption and excretion of d-xylose were above normal. All of 
these patients were having normal bowel movements. In 4 patients 
with extensive thermal Injury and diarrhea, abnormal absorption of 
fat and nitrogen occurred. Symptomatic treatment of the diarrhea 
resulted In improvement in gastrointestinal function, with return 
to normal in the absorption of essential nutrients. No trace 
element abnormalities were found in the patients studied except for 
a probable zinc deficiency which occurred In a patient on 1 ng-
term intravenous therapy. Gastrointestinal absorptive function ap
pears normal in Injured patients having normal bowel activity. Pa
tients who develop diarrhea demonstrate abnormal absorptive function 
which seem~ to be corrected with symptomatic treatment. Etiology 
of diarrhea In the Injured patient Is now being studied. 

Gastrolntestlnal absorption 
High protein diet 
Trace elements 
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EVALUATION OF GASTROINTESTINAL ABSORPTION AND NUTRITIONAL 
EFFICACY OF STANDARD HIGH PROTEIN DIET IN BURNED SOLDIERS 

Hypermetabollsm, negative nitrogen balance and progressive weight 
loss characterize the metabolic response to thermal Injury. Cata
bollsm, associated with utilization of lean body mass and fat stores, 
generally continues until satisfactory coverage of the burn wound is 
achieved. Loss of ;ody mass is minimized with enteral feedings, and 
the standard hospital diet, high in calories and nitrogen, represents 
the mainstay of dietary therapy for the Injured patient. In pa
tients who can receive oral feedings, over two-thirds of the neces
sary calories required to achieve caloric equilibrium can be ad
ministered in the acute phase of injury by vigorous enteral support. 
As a result, patients with large thermal injuries greater than 40°/o 
total body surface may be supported solely by the hospital diet and 
oral supplements and lose no more than 15°/o of the total body 
weight. 

In spite of this ability to limit weight loss following thermal 
trauma, significant alterations in organ function occur during the 
catabolic phase of injury, with a decrease In many of the body's 
essential proteins and alteration in cell replication. In ,~he small 
Intestine, epithelial cells divide in the crypts of Lieberkuhn and 
migrate to the tips of the villi before being shed. The transit 
time for a cell from crypt to villus tip in normal man is 27-44 
hours. The replicating cells In the crypts of the small bowel have 
the greatest metabolic demands in the body, and cellular activity 
is yreatly affected by alterations in body metabolism·. For example, 
In states of catabollsm or starvation, the epithelial cell mytotic 
rate decreases and the cellular transit time along the villus be
comes prolonged (Honckeberg, 19661). In cases of marasmus, al
tered replication results in disturbances of normal mor~hology with 
fawn and fig leaf villus formation (Tandon et al., 1968 ). These 
morphologic changes are associated with alterations In small bowel 
function, and steatorrhea, abnormal d-xylose and B12 absorption 
have been demonstrated. Absorption returns to normal with the 
Institution of feedings and maintenance of caloric balance. 

The purpose of this study was to evaluate the gastrointestinal 
absorption and nutritional efficacy of the standard high protein 
hospital diet In extensively burned patients during the cataboltc 
phase of injury. 

METHODS 

Patients with Injury greater than 40"/o of the body surface and 
weight loss greater than 10% of body mass were studied. A standard 
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hospital diet was given dally with caloric count to Insure Intakes 
of greater than 3,000 calories per day and more than 100 grams of 
fat per day. A carmine marker was given at trP. start and end of 
a 3•day study period, with stools collected and analyzed for fat 
and nitrogen. The following day, the patient was fasted and given 
a 25-gram dose of d-xylose and urine collected for the next five 
hours. The urine was then analyzed for d•xylose to determine ab
sorption and excretion of this nonmetabollzed sugar. Blood was 
drawn for serum proteins, calcium, phosphorus, cobalt, chromium, 
magnesium, manganese, zinc, cadmium, Iron, nickel and lead. 

RESULTS 

Severe weight loss was roted In the patients studied, but 
slight absorption abnormalities were documented In analysis of stool 
and nitrogen (see table). An abnormal d-xylose absorption test was 
found In two patients. Three patients demonstrated diarrhea during 
the enteral feedings, resulting In steatorrhea with stool fat rang
ing from 8.8 to 27.6 grams per day. Stool cultures taken in these 
Individuals revealed no abnormal fecal flora. Trace element analy
sis demonstrated no abnormalities except for a low serum zinc which 
was noted in one patient who had received longterm Intravenous feed
ings for more than three months. In one patient with a 14 kg weight 
loss, repeat studies following restoration of body mass revealed 
normal absorption of fat and nitrogen. 

DISCUSSION 
• 

Weight loss characterizes the post-traumatic metabolic response 
to thermal Injury, but malabsorption from the gastrointestinal tract 
does not appear to be a significant contributing factor. However, 
during catabollc states gastrointestinal function Is not optimal, 
as demonstrated in patients 4, 5 and 6 with diarrhea and malabsorptlon. 
This absorptive defect seems only temporary and was usually related 
to the use of tube feedings or synthetic diets. Changes In blood 
flow, alteral,on in small bowel epithelium, quantitative and quali
tative changes In gastrointestinal flora, and depression of trans-
port enzyme In the small bowel mucosa may all contribute to this 
malabsorptlon state. 

Further studies are now In progress to study the gastrointes
tinal flora of the burn patient, analyze the villus structure and 
function, and quantitatively dete rm ine transport enzyme concentra
tion In the gastrointestinal epi t helium. The possibility of sub
strate Induction of transport enzymes Is ,being explored as one 
method of Improving gastrointestl n~l absorption during severe 
catabollc states. 

PUBLICATIONS ANO/OR PRESENTATIONS 
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23. (U) The purpose of this study Is to evaluate effect of a negative thermal load 
on hypermetabollc burn in burned military personnel. 

24. (U) Patients with thermal Injuries from 20-90% total body surface were studied. 
Age matched Individuals served as controls. Four hours after fasting, the subjects 
were taken to the tank room on a canvas frame and rested for 30 minutes In ambient 
temperature of 26-27° C. Using standard splrometry, resting oxygen consumption was 
determined In duplicate. The subjects were then l11111ersed In cold water bath maintained 
at room temperature, and after a 10-mlnute period of equlllbratlon, oxyg•n consumption 
again determined. Core temperature was monitored by means of a thermistor probe 
placed In the rectum. Metabolic rates were measured In duplicate every 10 minutes for 
a duration of 30 minutes of lmerslon. The patients were removed from the tank If the 
core temperature fell below 35.5° C. 

25. (U) 71 11 - 72 06 To date, control data has been gained from two normal Individual 
who have been cooled on three successive occasions. These studies revealed that 
vasoconstrlctlon remains a prominent portion of the adaptation to the to,tal lmerslon 
In the water bath and that shivering and Increase In metabolic rate occur but at this 
temperature the metabolic response Is of a cyclic nature. Modification of techniques 
to measure metabolic rate Is presently being made to account for this cyclic 
phenomenon, which Is characterized by short bursts of metabolic energy to maintain 
core temperature, followed by a return to resting oxygen consumption. Further studies 
wlll be carried out In the water bath 4nd a controlled ambient air environment which 
Is presently being Installed. 
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ABSTRACT 

PROJECT NO. 3A061102B71R-Ol, RESEARCH IN BIOMEDICAL SClfNCES 

REPORT TITLE: METABOLIC RESPONSE OF HYPERMETABOLIC BURN PATIENTS 
TO COOLING 

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

Period covered in this report: I July 1971 - 30 June 1972 

Investigators: Douglas W. Wilmore, MD, Major, MC 
Kenneth W. Spitzer, Captain, MSC 

Reports Control Symbol MEDDH-288(RI) 

The purpose of this study was to evaluate the effect of a negative 
thermal load on hypermetabolic burn patients. Two fasting subjects 
rested in a supine position for 30 minutes in an ambient temperature 
of 26 to 27•c. Using standard spirometric determinations, resting 
oxygen consumption was determined In duplicate. The subjects were 
then immersed in a cold water bath, maintained at the same tempera
ture as the room (26-27•c), and after 10 minutes of equilibration, 
oxygen consumption was again determined. Results in 2 normal indi
viduals demonstrated a cyclic phenomenon in the metabolic response 
to a negative thermal load. This response demonstrated a dramatic 
increase in oxygen consumption, followed by a decrease in oxygen 
utilization to near basal rates. The changes in oxygen consumption 
were accompanied by periods of violent shivering followed by periods 
of relaxation while in the cold water. Subjectively, the patients 
felt quite cold after being submerged, and initially there was marked 
vasoconstriction. This was followed after one and one-half minutes 
by uncontrolled shivering, which generated more heat and resulted in 
a new thermal equilibrium. Further studies will be carried out, 
carefully monitoring the cyclic nature of this response in normals, 
to determine the periods of heat storage and loss in human tissue 
and to further characterize the response of the hypermetabolic ther
mally injured patient to cooling. 

Ene rgy expenditure 
Ambient temperature 
Critical temperature 
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23. (U) To determine the cause of the dysprotelnanla observed following burn njury 
and to determine If the more marked dysprotelnanla seen In the presence of Infection 
of the burn wound Is an effect caused by some action of the bacteria. It Is hoped 
that this will aid In understanding similar changes which are observed In burned 
soldiers. 

24. (U) The amount of C-14 Incorporated Into the serum proteins of burned, burned• 
Infected, and treated burned Infected rats has been measured. The lntravaseular/ 
extravaseular distribution of albumin and g .. globulin wlll be determined using 
l11111unoehanleal teehnles, chromatography, and eleetrophesls. 

25. (U) 71 07 • 72 06 Procedures for extracting proteins from animal tissues and 
measuring the specific proteins by l11111unoehanleal methods have been tested and modified 
for use with this experimental animal model. This In combination with electrophoretle 
teehnles wlll permit quantltatlon of the amounts of prrteln In the extravaseular 
compartments of the test animals. This work Is eurn,,t ly In progress and the results 
obtained wl 11 be used to al.d In the lnterpretat !: ;, of the data obtained by measuring 
C-14 Incorporation Into the serum protein fractions • 
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ABSTRACT 

PROJECT NO. 3A061102A71R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: SnJDIES OF DISnJRBANCE OF PROTEIN nJRNOVER IN 
BURNED TROOPS - US£ OF AN ANIMAL MODEL 
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Ana1yHca1 procedures are being adapted ancl '!Valuated for the 
d;rect determ;nation of albumin and gamma globulin pool sizes and 
their distr;bution after burn ;njury using an exper;menta1 rat 
model. Thh ;nformatfon 1't+i 11 be correlated wHh that obtained from 
our study of glycine-2-1 C ;r.corporat;on ;nto serum prote;ns of 
burned rats ;nan attempt to determine the mechan;sm respons;ble 
for the dysproteinemia observed in man following burn injury. 

Protein 
Burn 
Trauma 
Turnover 
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STUDIES OF DISTURBANCE OF PROTEIN TURNOVER IN BURNED TROOPS -
USE OF AN ANIMAL MODEL 

Our previous studies utilizing the incorporation of glycine-2-
14c into senl'l'I protefos of rats as a meas•Jre of protein synthesis 
or turnover have yielded presumptive evidence that decreased syn
thesis could not fully explain the marked dysproteinemia which 
occurs following burn injury (Brown, et al).1 

Since both the concentrations and relative specific activities 
of the alpha and beta globulins were increased in all injured 
animals, the conclusion that there is an increased rate of synthesis 
of these components is probably valid. Their concentrations in 
the serum are probably representative of their total pool sizes. 
However, albunin, after having been secreted from the liver into 
the intravascular compartment, readily distributes throughout the 
extravascular space. rue apparent rate of albunin synthesis cal
culated only from the 1 C incorporation into plasma albumin would 
be overestimated if the total body pool size was reduced. A similar 
error could occur in estimating ganma globulin synthesis from 
plasma values. 

Many models for studies of protein metabolism have been developed. 
The assumptions involved, and the problems inherent in the use of 
many of these .,dels have been critically reyiewed recently by 
Bianchi, et al. Sellers,3 and Katz, et al.~ made direct measure
ments of the extravascular albumin pool in control and nephrotic 
rats. They compared these results with those obtained by calcula
tion from the slopes and intercepts of the plasma disappearance 
curve of injected labeled albumin and they concluded that the 
multicompartmental models calculated in this manner greatly under
estima!ed the size of the extravascular albumin pool. Sterling's 
model, which assumes equal specific activity of albunin through
out the body at equilibrium and is based on extrapolation of the 
plasma disappearance curve to the ordinate, gave results which 
were in agreement with those they obtained by direct analysis. 

The altered distribution and metabolism of albumin following 
burn injury makes the multicompartmental models based on the dis
appearance of injected labeled albumin even more difficult to 
interpret. For this reason, we decided our next step should be to 
do direct, specific analyses of albumin in the tissues of control 
and burned rats to determine its distribution. 

MATERIALS AND METHODS 

Rats subjected to a full thickness burn of 20% of their body 

1i;'1 



surface were housed in individual cages and fed ad lib until the 
sixth day postburn. Stock rats were used as controls. The follow
ing proced~res, which are essentially the same as those described 
by SellersJ and Katz4 were performed on the sixth day postburn. 

The rats were weighed, shaved, and then 0.2 microcurie 1311-
labelled human serum albumin was injected into the tail vein. The 
ra!s were inmediately anesthetized, the chest cavity was opened, 
and as ~uch blood as possi~le was withdrnwn ·from the heart. Care 
was taken to obtain a sample within 3-6 minutes after injection to 
be used for determination of the plasma volume. Twenty to 30 ml 
of isotonic saline were then injected and aspirated to remove as 
much residual blood as possible from the body. Residual plasma 
albunin in the tissue extracts was calculated from the 1311 
content. 

The rat's body was divided into viscera, skin, and carcass. 
The carcass (including bone) was ground in a meat grinder before 
preparing a 10% homogenate with 0.1 % deoxycholate in 0.15 M sodium 
chloride, pH 8 using a Virtis 45 homogenizer. The other components 
were treated in the same manner except that the skin was minced, 
and the viscera were homogenized without preliminary treatment. 
For these and subsequent steps, the tissues and extracts were kept 
cold at all times. The homogenates were centrifuged for 30 minutes 
at 12,000 g using a Type 30 rotor in a Beckman Model L3-50 pre
parative ultracentrifuge. The supernates were remo,ed, immediately 
frozen, and stored at -20° C until inmediately before analysis. At 
this time, the extrar.ts were thawed and recentrifuged. 

Albumin concentration of the extracts were measured by radio
immunoassay. Plasma albumin concentration was determined both by 
radioinmunoassay and by cellulose acetate electrophoresis. Plasma 
YQJume was calculated from the volume of dilution of the injected 
lJ I-labelled human albumin. 

RESULTS AND DISCUSSION 

By the sixth day postburn plasma alblnin levels in rats sub
jected to a 20"/4 fu11-thicknes~ burn have u~ually reached their 
mininun levels (Alexander, et al),6 the rapid transfer of albumin 
from intravascular to extravascular space which occurs soon after 
burning has diminished, and plasma volumes have returned to normal. 
The total body albumin determinations were done at this time be
cause it was felt that the more stable conditions would yield more 
useful information. 

Determinations of total body albumin pool size of 8 rats have 
been completed at th;s time. The results indicate that the total 
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body depletion may not be as severe as one would anticipate from 
the size of the plasma albumin pool. One cannot draw any definite 
,:cnclusions from this small number of .Jn:mals but the study is 
b,dng continued and will include gamna globulin determinations as 
well. 
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~BSTRACT 
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Phospholipid fatty acid patterns have been determined by gas
liquid chromatography on red cells from 12 adult males with burns 
ranging from 16 to 62% total body surface. Linoleic (18:2), arachi
donic (20:4), and docosahexenoic (22:6) acids decreased significantly 
in the red eel ls of 4 of these pat tents (18:2 • 5.9"/u , 20:4 - 4.37. , 
22:6 • 0.4%) when compared with the other burns (18:2 = 9.3'1.. , 20:4 = 
13.9"/o , 22:6 • 2.T!t) and controls (18:2 - 9.5%, 20:4 • 17.27,, 22:6 = 
3.2o/c ). Simultaneously, plasma phospholipid, triglyceride, and 
cholesterol ester fatty acid patterns were essentially normal in all 
pat tents. 

Infusion of a soybean llpld emulsion in 2 patients corrected the 
fatty acid Imbalance In the red cell membrane (18:2 • 10.2%, 20:4 = 
15.9"/4 , 22:6 • 4.1 '¼ ), while a fat-free intravenous diet which pro
vided adequate calories failed to restore the compo,ttional deficiency 
in a third patient. For the fourth individual, sufficient oral feed
ings eliminated his fat deficiency (18:2 • 10.T/u, 20:4 = 16.4'X,, 
22:6 • 2.46~:.). Two nonburned patients with enterocutaneous fistulae, 
receiving fat-free parenteral diets for one month or longer, did not 
demonstrate significant alterations In their red cell phospholipid 
fatty acids (18:2 • 7.4%, 20:4 • 13.0"/c , 22 :6 • 2.6'Y) . 

Essential fatty acid deficiency in the red cell membrane may 
result from inadequate caloric or extended fat-free parenteral sup
port In hypermetabolir. burn patients, or rapid turnover and utiliza
tion of fatty acids following major thermal trauma. The structural 
and f~nctlonal abnormalities which occur as a result of thermal 
injury may be related to these defects in erythrocyte polyunsaturated 
fatty ac Ids. 

Phosphol lpld 
Fatty acid 

Erythrocyte membrane 
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ERYTHROCYTE AND PLASMA PHOSPHOLIPIDS IN A 
MILITARY POPULATION WITH BURN INJURIES 

Alterations in fragility, morphology, survival, and cation con
centration characterize red blood eel ls fol lowing severe thermal in
jury. Of utmost importance is increased osmotic f ragility, a condi
tion which leads to hemolysis, hemoglobinuria, and often prolonged 
anemia.1,2 On an experimental basis, decreased survival times for 
rat erythrocytes have been demonstrated,3 Increased intracellular 
sodium concentrations have been observed in patients with major 
burns.4,5 Taken together, all of the above phenomena suggest modi
fications of the red cell membrane In these burn patients. The 
erythrocyte membrane Is composed of approximately equal weight pro
portions of protein and lipid.6 Phospholipids account for 607.. of 
the total lipid, with the remainder being distributed between free 
cholesterol (30/ )and glycolipid (10%). The present study was under
taken to describe the fatty acid composition of red cell phospholipids, 
as well as that of various plasma lipids, as a function of thermal 
injury. Preliminary evidence from this Institute indicated d~~reased 
levels of linoleate and arachidonate and increased levels of short
chain saturated fatty acids in burn patlents.7 

METHODS 

Blood was drawn into heparinized syringes and chilled invnediately 
in ice. After centrifugation at 4•c the plasma was removed, the buffy 
coat discarded, and the red cells washed th,·ee times with 0,9'X, NaCl. 
The cells were then resuspended in saline to a hematocrlt of approxi
mately 50 /. and, together with the plasma, stored under nitrogen at 
-2o•c until extraction. 

Lipids were extracted from 3 milliliters of the red cell and 
plasma fractions by Procedure Ill of Ways and Hanahan.8 To retard 
oxidation of the polyolefinic acids, the methanol used contained 
2,6-di-tert-butyl-~-cresol (BHT) at a concentration of 50 mg/L. 
Highest purity, spectroscopic-grade solvents were used without fur
ther treatment. 

Phosphol ipids \'1cre separated from total red eel l 1 lplds by 
column chromatography on silicic acid (100-200 mesh),8 After hydro
lysis i~ 2~ HCI at 110-120.C for 18-24 hours, fatty acids were ex
tracted with pentane and converted to their methyl esters using boron 
trifluoride-methanol reagent.9 

Plasma lipids were chromatographed on 0.25 nvn layers of silica 
gel G with a development solvent of petroleum ether (b.p. 63-75 °)
diethyl ether-acetic acid, 90:10:1 (v/v). Commercially available 
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standards were emp1oyed to Identify the phosphollpld, triglyceride, 
and cholesterol ester regl~ns. These llplds were then eluted from 
the p1atesl0 and subjected to acid hydrolysis and methylatlon. The 
methy1 esters derived from cho1estero1 esters were purified by thin
layer chromatography to ellmlnate substances which Interfere with sub
sequent analysis. 

Fatty acid methyl esters were flnal1y subjected to gas-llquld 
chromatogrephy, using a Varian 1800 Instrument equipped with dual 
fiame Ionization detectors and an e1ectronlc Integrator. Two palred
co1umn systems were used: (1) 3% EGSS-X on Gas-Chrom Q, 100-120 mesh, 
1/8 Inch by 12-foot stainless stee1 columns, operated between 100-200• 
at 3•/mln; and (2) 1.25% DEGS on Chromosorb G (H.P.), 100-120 mesh, 
2-nwn by 12-foot glass co1umns, operated between 120-190• at 4•/mln. 
For both systems he11um (18 ml/min) served as the carrier gas. In 
our experience the DEGS columns performed more satisfactorily. 
Identification of the various fatty acids was by .comparison with com
mercially available standards, cod liver oil fatty acid methyl esters, 
and published chromatograms using the EGSS-X liquid phase.II The 
nome~clature for fatty acids Is the following: arachldonlc acid, 
20:4"6, where 20 Is the total number of carbon atoms, 4 Is the number 
of methylene-bridged els double bonds, and n6 Is the position of the 
double bond nearest the terminal methyl group; In some cases a 
slightly abbreviated form Is used, e.g., 20:4. 

RESULTS 

Erythrocyte phosphollpld fatty acid distributions have been 
determined on a variety of thermal1y Injured patients (Table I). In 
general, the patients can be divided Into two classes--those with 
normal fatty acid patterns (Group I, mean age 35.5, mean burn size 
40.9°/4, mean full thickness 30.4%), and those with significant reduc
tions In Jong-chain po1yunsaturated fatty acids (Group II, mean age 
30.8, mean burn size 44.8"/4, mean full thickness 29.6%). In both 
groups there are no unusu'I fatty acids, Including the short-chain 
species reported ear1ler. When decreases In the polyunsaturated 
acids (18:2, 20:4, and 22:6) are noted, there are corresponding In
creases In palmltate (16:0) and oleate (18:1). In comparing the 
Group II patients with normals, the average decrease In 18:2 was 39°/4, 

; In 20:4, 75%, and ln22:6, 88"/4. Simultaneously, 16:0 Increased 31% 
and 18:1 rose 2T/o. There were also substantial Increases In the 
24:0 and 24:1 fatty acids. It Is noteworthy that all of the diminished 
fatty acids are blochemlcally derived from llnoleate (18:2) and be
long to that class of llplds canmonly called essential fatty acids. 
Except for a few minor variations, our flnd!n¥l for normal humans agree 
favorably with previously published values. • 

When the weight compositions were converted to molar compositions 
using appropriate detector response factors, the comparison of con
trols with Group II burns Is given In Table 2. For normals the ratio 

i 
I • 1,1 
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TABLE 2. KOLAR FATTY ACID COHPOSITION OF ERYTHROCYTE 
PHOSPHOLIPJDS FR°" NORMALS AND ESSENTIAL FATTY ACID 

DEFICIENT Bl.RHED PATIENTS 

_____ ,.. ---•--·•··----- - -

F•tty Acfd Norrul• 

l610 28.S 

16aln7 0.9 

1810 16.9 

1811n9 16.8 
1812n6 9.7 
2014n6 1s.a 

2216n) 2.1 

2410 4.4 

241 I 4.4 

Tot•I un••tur•ted SO.) 

S•tur•ted/un••tur•ted 0.99 

(n:s) Group II Burn• (n:.4) 

IIIOIH/ 100 moles 

36.9 

1.7 

u,., 

2,.d 
s. 
4.S 

o.4 

s.s 
6.8 
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of saturated to unsaturated fatty acids is 0,99, while the burn 
population has a ratio of 1. 47. 

Our findings suggest a unique form of essential fatty ucid defi
ciency among the Group 11 individuals in that al 1 fatty acids syn
thetically distal to and including 1 inoleate are reduced. In most 
other clinical and laboratory cases of essential fatty acid deficiency, 
linoleate is decreased but arachidonate remains normal. With this in 
mind it was decided to study the effect of dietary supplementation 
on the red cell lipid composition. This was accomplished by Intra
venous infusion of a 10% soybean lipid emulsion particularly rich in 
llnoleic acid (43%). Following multiple units administered over a 6-8 
w~~k period, two patients (#1 and #2) exhibited completely normal 
erythrocyte lipid patterns (Figures 1 and 2). During this period, 
Patient #1 received a total of 50 units (2.5 kg) of intravenous fat, 
and Patient #2 a total of 67 units (3.25 kg). A third patient (#3) 
received a fat-free diet but one of adequate caloric value, main
tained a stable but low body weight, yet failed to correct his red 
cell essential fat deficiency within eight weeks. In contrast, a 
fourth individual (#4) apparently returned to a normal lipid profile 
simply as a result of adequate oral intake (Fig. 3). 

Three classes of plasma 1 ipids were also investigated. They were 
the phospholipids, triglycerides, and cholesterol esters, which to
gether account for about 80'X, of the total lipid. When compared with 
normals, the Group I I burn patients had nearly identical fatty acid 
compositions (Tables 3-5). Thus, at a time when their erythrocyte 
phospholipids had markedly reduced levels of 18:2, 20 :4, and 22:6 acids, 
the plasma lipid distribution of these same fatty acids was unchanged 
or only slightly diminished. When significant deviations from normal 
did occur, such as low triglyceride linoleate for Patient #1 and Pa
tient //2, there was no consistent pattern among all lipid classes 
in al I patients. 

One primary indicator of essential fatty acid deficiency is the 
presence of 5,8,11-eicosatrienoic acid, a metabolite of oleic acid and 
a compound usually absent from healthy individuals. Small amounts 
of 20:3n9 were identified in the plasma phospholipid fractions of the 
"abnormal" burn patients, ranging in value from 0.6 to 4.2%. Upon ad
ministration of intravenous fat to Patients ll l and ll2, the level of 
this trienoate was gradually reduced -but not entirely abolished. In 
addition, Patient #1 responded to fat the rapy with increasing propor
tions of those acids of the linoleate and linolenate series in his 
plasma phospholipids and triglycerides. 

We were fortunate to obtain, during the course of this inves t iga
tion, blood samples from 2 unburned individuals with enterocutaneous 
fistulae who were being maintained on fat-free parenteral diets for one 
month or longer. In comparing their erythrocyte phosphol ipid fatty 
acid distribution (Table 6) with the normal and Group II burn patterns, 
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Figure I. Change In distribution of se lected fatty 
acids from the erythrocyte phospholipids with intravenous 
fat emulsion in Patient # I, age 40, with a 60"/o total 
body surface burn, of which 8% was full thickness. At the 
top of the figure are the time intervals and total units 
of soybean lipid infusions. 
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Figure 2. Change in distribution of selected fatty 
acids from the erythrocyte phospholipids with intravenous 
fat emulsion in Patient l/2, age 19, with a 33.5¼, total 
body surface burn , of which all was ful 1 thickness. At 
the top of the figure are the time intervals and total 
units of soybean lipid infusions. 
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TABLE) 

FATTY ACID CO.POSITHlN OF PLASMA PHOSPHOLlPIDS 

Nor1Y1, Group 11 Burn, 
Fatty Add (n=2) Pt Ill P t ft2 Pt 113 

g/100 g 

16:0 30.0 29.6 26.6 26.0 

16 I 1 n] o.6 2.s I .9 o.i. 
1810 16.o 14.2 16.4 18.1 

18:1n9 12.3 16.9 16.5 .9. 7 

1812n6 22.8 16.9 ,s.o .2s.9 

201)n9 - 1.8 4.2 I. I 

l 013n6 2.6 ... , 2.1 ,.s 
2014n6 9.6 9.S e.2 9.s 

221Sn3 o.6 o.a. 0.9 o.e 

2216n) 2.0 ,.s 2.1 1.7 

2410 I .4 o.s 2.1 ).9 

24 I 1n9 2.2 2.8 3.9 1.9 
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TABLE: 4 

FATTY ACID C(l1POSITION OF PLASMA TRIGLYCERIDES 

Normals Group I I Burns 
Fatty Ac id (n=2) Pt #1 Pt #2 Pt #3 

g/100 g 

14:0 1.2 1. 2 2. 1 4.4 

16:0 25. 1 27.5 27 .8 17.4 

16: 1n7 5.2 6.3 6.0 4.2 

18:0 4.9 5.0 5.2 4.0 

18: 1n9 40.6 50.4 47.2 26.4 

18:2n6 22.8 7.5 8.6 32.8 

18:3 (?) 1.8 

20:4n6 1.2 1.2 2. 1 1.8 

.. · 9 ~-' 
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it is apparent that, except for slightly lower linoleate levels, these 
patients differ little from controls. Analysis of the plasma lipids 
of one of these subjects (#5, 10 March 1972) also yielded an essentially 
normal fatty acid profile. In particular, none of the 20 :3n9 species 
could be detected. 

DISCUSSION 

The fatty acid composition of erythrocyte phospholipids from 4 
individuals with burns covering 30 to 60% of their bodies has been 
shown to be consistent with essential fatty acid deficiency. That is 
to say, significant reductions i~ the acids of the linoleate and 
linolenate families were observed. However, this is not a general 
characteristic of thermal injury, since other patients with apparently 
equally severe trauma display normal fatty acid profiles. Those 
factors which predispose selected burn patients to these red cell 
lipid abnormalities remain obscure. While burn size and postburn day 
appear to be of minor importance, a more reliable guideline would 
probably be the overall metabolic state of the patient. Under the 
extreme catabolic conditions which are often encountered in burn pa
tients, essential fatty acid deficiency might indeed be suspected. 

Correction of essential fat deficiency was achieved in 2 pa
tients (#1 and #2) through multiple infusions of soybean lipid emulsion 
and in a third (#4) by extensive oral feedings. Yet a fourth pa-
tient (#3), who received no intravenous fat and remained essentially 
catabolic, still exhibited lipid abnormalities after tw~ months. 
(His discharg e from this Institute prevented continuing analysis of the 
deficiency.) It would be premature to ascribe too vital a role to 
intravenous fat therapy. Rather, the nutritional value of the emul
sion (110 calories/100 ml) and the patients' improved eating habits and 
body weights suggest that a supranormal caloric regimen is perhaps the 
key factor in eliminating an apparent red cell essential fatty acid 
Imbalance. In support of this argument is the demonstration by 
Curreri et al.5 that glucose-sustained intravenous hyperalimentation 
is sufficient to correct the elevated intracellular sodium level s in 
these burn patients. 

Collins et a11 2 have reported the use of soybean fut emulsion in 
a patient who had been maintained on~ fat-free intravenous diet for 
over three months. Prior to fat therapy the patient d veloped a skin 
rash, and the proportion of 5,8,11-eicosatrienoate in his plasma 
phosphol ipids rose to 147. , with corresponding decre ases in I inole.Jt 
and arachidonate. With the onset of fat infusions there was a drama t ic 
return to a normal fatty acid distribution and dis appearanc of the 
skin rash. In this case, at least, the skin pathology and t rienolc 
acid levels were consistent with the classi cal picture of es sential 
fatty acid deficiency seen in infantsl3 and some experimental animals. l4 

182 
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None of the patients examined In this survey had skin lesions 
characteristic of essential fat deprlvatlor,, ,ior did they have par
ticularly abnormal plasma lipids. The observed fatty acid altera
tions were confined almost entirely to the phosphollplds of the 
red cell membrane. The decreases in polyunsaturated acids are 
similar to those described for a variety of other red cell disorders. 
Neerhout15 has recently reviewed such findings and, In general, re
duced erythrocyte llnoleate levels are associated with the following 
diseases: hereditary spherocytosls, elllptocytosls, acquired hemo
lytic anemias, and acanthocytosls. But only in the manifestation of 
acanthocytosls (abetal lpo~iotelnemla) is there ,!lso a concomitant 
decrease in arachidonate. Another striking similarity between 
these clinical states and that Induced by thermal injury Is the phy
siologic modification of the red cell membrane. Acanthocytes undergo 
distinct morphologic changes,15 while hereditary spherocytes became 
more fragile and exhibit elevated cation fluxes.17 As noted earlier, 
thermally traumatized red cells are distinguished by increased os
motic fragility and supranormal sodium concentrations. 
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(U) tt.nbrane Adenoslne Trlphosphatase; (U) Hexoklnase; 
e.••--.-c .. we ... - • • .., __ , ___ ..,..... _ ____ ., ___ ...;;;;;-___ , 

23. (U) Th• general metabolic state or erythrocytes from burned humans and r•t~ will 
be evaluated In an effort to account for the elevated sodium concentrations associated 
with these cells. 

24. (U) Subjects wlll Include those patients In the severe burn category and rats with 
Inflicted 3ft scald burns, as well as appropriate controls. Areas of Investigation 
wlll Include activities of the various membrane-bound adenoslne trlphosphatases, lntr•• 
cellular hexoklnase activity, the level of 2,3-dlphosphoglycerlc acid, and the overall 
glucose-to-lactate conversion. 

25. (U) 71 07 - 72 06 In the analysis of erythrocyte __,,ane ATPases, no differences 
were noted between norMI and burned humans. Burned rats, however, exhibited n .. rly 
twice the total ATP•s• activity of unburned animals as reflected In maximum veloclty 
values, without significant •Iteration of the enzymes' binding capacity for substrate. 
While burned huiuns showed• slgnlflcantly gr .. ter hexoklnase activity than their 
controls, rats had Identical enzyme levels before and after therMI Injury. When 
overall rates of glycolysls were ineasured In terms of glucose utlllzatlon and lactate 
production, neither humans nor rats danonstrated changes related to thermal Injury. 
As for Intracellular levels of 2,3-dlphosphoglycerlc acid, burned rats show •n lnltl•I 
decrease during the early postburn phase bur normal concentrations by the fifth 
postburn day and thereafter. · 

••• ,,,..,. aDITIONI •• '"'' ··- ••• ··••1.•T , DD ...... ••N•. I NOW II 
AND, ... , . I IIAD II lll'OD •-• vt•1 ••· ODIOI. T • . 
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ABSTRACT 
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Investigators: George M. Helmkamp, Jr., Captain, MSC 
Jeri P. Blackwell, BS 
Ysidro Villarreal, BS 

Reports Control Sympol MEDDH-288(R1) 

A general picture of the me _abolic state of red cells in 
thermally injured humans and laboratory rats has been obtained. 
For both groups there is no change in the overall conversion of 
glucose to lactate through the normal glycolytlc pathway, when 
intact cells are incubated in a glucose-containing medium. In 
hemolysates, howevt:':-, humans show an elevated hexokir,ase ac
tivity in the postburn period. Rats, on the other hand, exhibit 
normal levels of hexokinase as well as 2,3-diphosphogly~erate. 

In related experiments, the adenosine triphosphatase activi
ties of isolated erythrocyte membranes were determined. Humans 
showed no difference between controls and burned patients when 
enzyme activity was measured at a constant substract concentra
tion. However, when the kinetic parameters, Vmax and K,n, were 
calculated, small incre ~ses were found in the Na,K-indepcndent 
and Na,K-dependent AT~ ~~e rates. With the rat model these 
increases following thermal injury were considerably greater. 

The above observations are discussed with respect to the 
elevated intracellular sodium levels characteristic of burned 
humans but not of burned rats. 

Membrane adenosinP. triphosphatasc 
Hexokinase 
2,3-Diphosphoglyceric acid 
Glycolysis 
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THE METABOLIC STATE OF THE RED CELL IN 
BURNED SOLDIERS AND IN A LABORATORY HODEL 

Several laboratories, Including this lnstltute,have reported 
elevations of erythrocyte sodium concentration associated with 
severe thermal injury, the magnitude of which Is 40-45%. 1,2 It 
was also demonstrated by Curreri et al. that supranormal caloric 
Intake by these patients was sufficient to correct this cation 
Imbalance. The abnormal Influx of sodium Into the cell could be 
explained by a defective active transport system, an altered 
passive permeability barrier, or changes In the Intracellular 
energy-generating process. A more complex ~ltuatlon would In
volve several of these factors. 

We, therefore, decided to investigate the various adenoslne 
trlphosphatase activities of the red cell membrane, of which the 
Na, K-dependent species is directly associated with the active 
cation pump. In addition, several barometers of erythrocyte glu
cose metabolism were considered, Including overall glycolysls, 
hexoklnase activity, and 2,3-dlphospho-glycerate concentrations. 

HETHODS 

Adenoslne Trlphosphatase Activity. Erythrocyte membranes were 
prepared from heparlnlzed huiae~ blood by lysls In 15 mOsH Trls-HCI, 
pH 7.5, as described by R~ffeberg and Guidotti.3 Protein concen
tration was determined with the biuret method. With minor modi
fications the procedure of Hircevova and Simon~va was followed 
In the measurement of stromal ATPase activity. The composition of the 
bas le incubation medium was 250 mH Trls-HC l 75 r,11-\ NaCl, 12.5 mM KCl, 
5 mM. HgCl2, 2,5 mH ATP, a~d approximately 1-2 mg of stromal pro-
tein at a pH of 7.4 at 37. To distinguish between Na,K-dependent 
and Na,K-independent activities, 5 x 10-5 H ouabain was added to 
inhibit specifically the former. The release of inorganic phos-
phate was ascertained according to Fiske and Subbarow5 or more 
easily by the automated method of van Belle.6 

For the preparation of rat erythrocyte ghosts it was necessary 
to employ the phosphate buffer systems of Dodge et al.7 for washing 
and lysls. Tris buffers were ineffective in removing all hemo
globin fr001 the red cell membran~s. However, once the ghosts were 
essentially col orless, they were washed extensively with hypotonlc 
Tris buffer to remove as much Interfering phosphate as possible. 
The assay of rat erythrocyte ATPase also required modification of 
the human procedure; the Incubation medium contained 50 mH lmlda
zole, 0.1 mH dlsodlum-EDTA, ATP and HgCl2 in a molar ratio of 0.67, 
and sufficient glycyglyclne for a final pH of 7.55 at 37•. Since 
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ouabain is not an effective inhibitor of the rat Na,K-dependent 
AT Pase, 8 75 mM NaC 1 and 20 mH KC 1 were added to the above b11 ff e r 
to activate this enzyme. 

Glucose Metabolism. Blood was collected in heparinized sy
ringes and the red cells separated and washed several times ,in ice
cold saline. The cells were then suspended in a medium des-
cribed by Keltt:9 Na,+ 145 mM; Kt 5mM; Cl; 127 mM: HC03- 25mH; 
Mg2+, I mM; and glucose, 1 mM. Using approximately 10~ cells per 
ml, the samples are Incubated at 37• for a proscribed length of 
time, after which the reac t ion is terminated by trichloroacetic 
acid and brief sonicati on. Centrifugation yields a cl~ar, c~lor
less supernatant which is assayed for glucose and lactate by a dual
channel autoanalyzer procedure. Red cell counting was done either 
by hemocytometer or with a CoulterCounter, Model S. 

Hexokinase Activity. Lysates of saline-washed rat erythro
cytes were prepared according to Brewer et al ,lo except that 
freezing and thawing were done with equal volumes of packed red 
cells and 0.1 M Tris-HCl, pH 8.0, containing 1 mM disodium-EDTA. 
These changes eliminated the crystallization ano precipitation of 
hemoglobin that readily occur at neutral pH. Hemoglobin remained 
soluble and was measured spectrophotometrically after conversion 
to cyanmethemoglobin. The lysate was then diluted to a hemoglobin 
concentration of 10 mg/ml. Enzyme assays were performed at 25• 
and pH 7.2, as outlined by Brewer et aJ;l0 results were expressed 
in J,Jmoles of glucose phosphorylated per hour per gm of hemo
globin. Human red cells were examined In a similar manner. 

2,3-Diphosphoglycerate , The enzymatic hydrolysis of 2,3-DPG 
to phosphoglycerate and inorganic phosphate, as described by Rose 
and Liebowltz,11 was used to determine 2,3-DPG levels in lysates · 
of washed erythrocytes from humans and rats. These lysates could 
be frozen for at least two weeks with no appreciable loss of ~c
tivity. The released phosphate was assayed colorlmetrlcally,b 

RESULTS 

Erythrocyte membrane ATPase activities have been determined 
on a wide variety of burned individuals, as well as numerous con
trols. In the actual procedure one obtai ns a total ATPase ac
tivity and, by selective Inactivation, the Na,K-independent ATPase 
activity; by difference one calculates the Na,K-dependent ATPase. 
In Table I are listed the results of our normal and burn popul ations. 
Despite the lack of rigorous statistical analysis, it Is obv ious 
that there Is no difference between the two groups. In these ex
periments an ATP concentration of 2.5 mH was used, 

Upon variation of substrate concentration and measurement of 
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subsequent enzyme activity, one can examine enzyme kinetics in 
the Hichaells-Henten fashion and establish the maximum velocity 
(Vmax> and Michaelis constant (Km) for the particular enzynie. 
The latter parameter is roughly equivalent to the binding con
stant of the enzyme for its substrate. Typical results of this 
treatment are shown in Figure I. The linearity of the double reci
procal plots conforms to a hyperbclic relationship between ac
tivity and substrate concentration and also to the absence of sub
strate inhibition or subunit cooperativity. From the axial in
tercepts, Vmax and Kin are calculated; these results are sunmarized 
In Table 2. In general, thermal injury led to increases in Vmax 
for all ATPase activities in both humans and rats. Km values 
on the other hand, changed less dramatically and in no con
sistent manner. The most remarkable alteration was noted in the 
Na,K-dependent ATPase activity In the group of 5-day post-30"/4 
burned rats. Not only was there a greater than twofold increase 
In Vmax In the burned animals, but the Kin for ATP was substan-
t i a 11 y reduced. 

As for the human ATPase activities~ the observed normal Kin's 
compared favorably with values reported by Godin and Schrier, 12 
although the Vmax figures of these arJthors are three to four 
times those recorded here. 

The general metabolic state of red cells should be reflected 
in ove rall glycolysls. As these cells are devoid of any res
piratory apparatus, gly~olysls proceeds to the accumulation of 
lactate. Very little glucose (less than 10"/o ) is diverted through 
the oxidative pentose shunt. Thus, the rate of lactate produc
tion should be approximately twice the rate of glucose utiliza
tion. That this Is indeed the case is illustrated in the experi
ment described in Figure 2. The linear portions of the curves 
yield a rate of glucose utilization of 0.19 µmoles per houi per 
109 cells and a rate of lactate formation of 0.36 J.•moles per 
hour per 109 cells. 

When glycolysis was followed in t his manner as a function of 
postburn day, it was found that with the exception of decreased 
rates at the fourth day, values were generally normal (Table 3). 
Admittedly, It will be necessary to e,<amlne the 1-3 day postburn 
period. Although no human burned patients have been investigated 
to date, mean values for 8 control subjects are 0.18 µmoles of 
glucose utilized and 0.351Jmoles of lactate produced per hour per 
109 cells . 

To probe further the pathway of glucose metabolism in the red 
cell, the primary enzyme In this process was studied. Hexo• 
kinase activity was determined as a function of hemoglobin con
centration In hemolysates from burned and normal humans and rats 
(Table 4). In ~he human patient population, with a mean burn 
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size of 46% and analysis at 24 days postlnjury, there was a 7~% 
Increase In hexokinase activity. Increases of variable magni
tude were observed as early as one week postburn and as late as 
8 weeks postburn; In addition, burn size (21-85%) appeared to 
bear no simple relationship to enzyme levels. Rats, on the other 
hand, displayed no significant change in hexokinase activity 
following a standard 30°/o burn and sacrifice at the fifth postburn 
day. 

We also thought It of some interest to measure certain inter
mediates of the erythrocyte glycolytlc pathway. 2,3-Diphospho
glycerate was chosen, not only because of its high-energy phos
phate chemistry but also due to Its 'nfluence on the oxy
hemoglobln dissociation equilibrium and the activity of several 
glytolytlc enzymes. As seen In Table 5, however, 2,3-DPG levels 
remained essentially unchanged in our standard rat model. Fol
lowing a slight decrease at one-hour postburn, measurements taken 
up thr~ugh the eighth day were normal. 

DISCUSSION 

The basis for t he above experiments wa~ the observation of 
elevated sodium levels in the erythr~cytes of severely burned 
humans. This phenomenon no doubt arises from changes in one or 
more of the cation transport processes found in the red ce 11 membrane. 
The active pumping mechanism, that is the movement of sodium out 
of the cell against Its concentration grltdlent, Is linked to glucose 
utilization within the cell as a result of the ATP requirement. In 
fact the stolchlometryof the reaction calls for the hydrolysis of 
one mole of hig~ nergy pho phate for three moles of sodium pumped 
out of the cell and two moles of potassium pumped Into the cell.13 
From our results with laboratory rats, however, there appears to 
be no Impairment of red cell glycolysis following thermal injury. 
In these animals the re were no changes in the overall glucose-to
lactate conversion, hexoklnase activity, or 2,3-DPG concentration. 
On the other hand, Arturson has noted d creases in the 2,3-DPG 
levels In humans with 40-50°/o full-thickness burns, but normal or 
slightly elevated levels In tho~e patients with smaller lnjurles.4 
Of particular interest at this point Is our Inability to demon
strate changes in the lntrace11u1arsodlum concentration with the 
la iloratory model. In burned rats (30'½. full thickness~ the con
centration is 12.4 mEq/liter (n~l8), compared with a normal value 
of 12.2 mEq/llter (n=IO). 

Active cation transport also depends on an intact membrane
bound enzyme system , the Na,K-dependent ATPase. When this enzyme 
was measured under optimal conditions in isolated rat erythrocyte 
ghosts, the burned animal had nearly twic~ the activity of the 
control group. It is inte resting to speculate that this twofold 
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increase in the rate of ATP hydrolysis is sufficient to correct 
deficiencies, If any, in the passive diffusion of sodium as a 
result of thermal injury. 

Altered passive diffusion of sodium indeed appears to play a 
major contributing role in the greater-than-normal intracellular 
levels in human burn· patients. ATPase ~ctivities are unchanged, 
while hexoklnase activity is nearly twlc ~ normal. Thus, there 
is most likely an abundant supply of energy to operate the ac
tive sodium pump. Actual cation flux measurements, soon to be 
conducted with red cells, will allow a more complete description 
of sodium imbalance. · 
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14, 21 days. Wound contraction was evaluated by measuring the distance between 
sutures on two sides •nd multiplying them. The product, a decreasing area, Indicated 
r•te of contracture. All anl.-ls were sacrificed at 21 days. Wound biopsies were 
taken at that time. Significantly cultures of all wounds were t•ken at 3, 7, 14 
•nd 21 days. 

25. (U) 72 04 - 72 06 Preliminary results suggest that burn Injury Impairs wound 
heal Ing but this may be• non-specific effect of postburn nutrltlonal changes~ 

~R-YIOUI •DITIDNI DI' THll 1"0- AR• oaoo1.•T•- DD l"OR ... ...... I NOY .. 
AND , ••• , , I MAR •• ll"OR ARMY ..,,., AR. oa101.•T• . 
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So many systemic and local factors affect healing in the burn 
patient that the wound is difficult to clinically evaluate. The pur
pose of this study was to establish an experimental model to study, 
grossly and histochemically, open granulating wounds of the burned 
animal • 

Ten adult rats were divided into 2 groups. G'"oup A, 5 animals, 
received a 30% third-degree burn of the back. A full thickness de
fect was then created in the unburned back and neck, 5.5 x 3,5 cm. 
In Group B, the unburned animals, the same sized defect was also 
created in the upper back and neck. At 3, 7, and 14 days postinjury, 
cultures, pictures and circumferential measurements were made of all 
wounds. The animals were sacrificed on the 21st day postburn. Pic
tures of all wounds were taken and the wounds were sent for histo
logic evaluation. 

Surprisingly, the burned animals ~ealed more rapidly and in 10 
days the wounds were one-half in circ1Jr f erence those of the unburned 
animals. By 21 days, 4 out of 5 of th, .! burned animals had healed 
their wound, whereas only one out of 5 of the unburned animals had 
healed. 

Therm 1 injury 
Wound hca 1 i ng 202 
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EFFECT OF THERMAL INJURY ON WOUND HE ,ALING 

Except for several studies by Levenson on .healing laparotomy 
incisions, controlled studies of wound healing in the burned animal 
are rare. The open granulating 1-1ound has received less attention. 
Yet it is the granulating wound that determines our ability to suc
cessfully graft the patient and effect healing. The purpose of this 
study was to establish an experimental model to study, grossly and 
histochemically, open granulating wounds in the burned animal. 

METHOD 

Ten adult rats were divided into 2 groups. After light ether 
anesthesia their backs were shaved and prepped. Group A, 5 animals, 
were dipped into water 85° C for 30 seconds producing a 30% third 
degree burn of the back. A full thickness defect was created with 
a scalpel in the unburned upper back and neck measuring 5.5 x 3.5 cm. 
In Group B, S animals were not burned but the same full thickness 
defect was created in the upper back and neck. Tevdec marking su
tures were placed at the corners and midpoints of all wounds. Using 
planimetry, rate of epithelialization was to be recorded at 3, 7, 
14, and 21 days. Wound contraction was determined by m~asuring the 
distance between the midpoint sutures on opposing side : ·pf the wound 
and computing the product of these 2 measurements. Measurements of 
the circumference of the wounds were likewise made at 3, 7, 14, and 
21 days. Al 1 animals were sacrificed at 21 ·days. Al 1 wounds were 
excised and sent for histological evaluation. Significantly, all 
rats were maintained on a normal cage diet. All open wounds were 
cultured at the time of picture taking. 

RESULTS 

All animals in both groups survived to 21 days. Both burned 
and unburned rats had staphylococci present in their wounds. Interes
ti~gly, th~ burned rats healed faster than th P. unburned group. Un
fortunatel \,, many of the Tevdec sutures pulled through or were eaten 
out during the course of the 21 days. Therefore, rates of epitheliali
zation and contraction could not be measured. However, the circum
ference of the wounds were mea~ured and at 10 days the average wound 
circumference in the unburned rats was 5.5 cm as opposed to 2.4 cm in 
the burned group. At 21 days, 4 out of S of the burned animals had 
completely healed their wounds whereas only one out of 5 of the un
burned animals had healed their wounds. Histological evaluation re
vealed no differences between the 2 groups in regard to epitheliali
zation, quantity of collagen or granulation tissue. 
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CONCLUSION 

In this small series the burned animals appeared to heal more 
rapidly than their unburned counterparts. These results are cer
tainly contrary to the findings of other inyestigators. The bacterial 
flora of the surgical wounds in both burned and unburned animals was 
similar with staphylococci the predominant organism. One would have 
anticipated that the proximity of the burn wound to an open granula
t;ng bed would have produced an infected wound resulting in decreased 
wound healing but such was not the case. It is possible that placing 
the open granulating wound next to the burn wound produced a false 
but apparently beneficial effect on wound healing in that the burn 
wound may have contracted during the ensuing 21 days, hastening con
traction of the granulating wound. Therefore, the experiment will 
be repeated but the full thickness defect will be placed distant to 
the burn wound. Likewise, heavier sutures will be placed at the 
corners and midpoints of the wound in order to measure rate of 
epithelialization and contraction. 
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24. (U) Contact cultures, biopsies, sput&111, blood, urine and autopsy tissue cultures, 
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time, antibiotic resistance rose steadily; at le11st 50% of recent Isolates exhibit 
broad cross-resistance, not necessarily related to penlcllllnase production. Only 
nafclllln of the metheclllln-type antibiotics rema in moderately effective (I.e. 
with 3ax, of Isolates). Providencia stuartll was the most cOl'IIIIOn cause of septicemia; 
typing systans to classify this .,terlc form are under preparation, so that Its role 
In burns can be better understood. 
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Sepsis due to bacterial infection has remained a major probfem 
in burn treatment despite the introduction of effective topical therapy. 
The major pathogenic species, as revealed in cultures of wounds, blood, 
sputum, biopsies, urine, and intravenous catheter tips are Staphylo
coccus aureus, Pseudomonas aeruginosa and Providencia stuartfi. Kleb
sfella sp, Enterobacter sp, Proteus mirabilis ana~her1chia coli 
played a decreased role in 1971 in contrast to earlier years. -r,;
extremely diverse mixed infection problem with gram positive cocci 
and gram negative enteric species w~s observed. Sequential septicemia 
with ._,.ltiple invaders has become more apparent in the las t 2 years. 
The primary infection problem involves increasing presence of staphy
lococci in the burn patient in 1971. These strains were most canmonly 
antibiotic resistant. 

Burns 
Staph aureus 
Providencia stuartii 
Sepsis 
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PATHOGENESIS OF BURN WOUND INFECTION: 
BACTERIAL FLORA OF BURN WOUNDS OF HILITAR'f PERSONNEL RECEIVING 

SULF~YLON TREATMENT 

Effective control of Pseudomonas burn wound seps;s has cont;nued 
to be based on the use of topical Sulfamylon therapy ;n this 
Institute. Although classical • ;nvas;ve Pseud~monas burn infection 
has been . reduced to an acceptably low incidence: infection in thP. 
severely burned patient has continued to serve a~~ major cause of 
morbidity and mortality. Previous observations have made it clear 
that the burn wound flora is not a stable entity fr,"lffl year to year, 
but one that fluctuates, modHied by such varhbles as the severit)' 
of injuries, variations in therapeutic regimens, and probably by 
such imponderables as changes in ward personnfl and physical al
terations in the burn ward (Lindberg, et al). The cJ;nical con• 
dition of a patient obviously dictates the nature of the specimens 
submitted to the laboratory, so that the microbi al flora recorded 
here 'is not a randan sample. The bacteriologic findings sunmarized 
here reflect the principal agents affecting burn patients· and major 
sites of involvement. · 

ANTEHORTEM BACTERIOLOGY IN BURN PATIENTS 

The overall bacteriolog;c picture of burn wound flora for 1971 
is shown in Table 1. This s1.111nary of isolates is obviously . 
weighted by the many cultures taken on extremely i 11 pati-ents and 
the paucity of samples from those less severely injured. How~ver, 
the proportions of isolates are not altered if the canpilation is 
made solely on the n1.anber of patients positive at least once for a 
given species. The identity of major ~pec,es and in sane instances 
the minor role played by organisms that have been reputed to act 
as opportunistic invaders can be seen. 

There were 27 major genera or species differentiated in this 
res1.ane. Sta:mylococcus aureus, Klebsiella pneL1110niae, Pseudanonas 
aeruginosa a Provfdenc1a stuartii were the significant groups 
n1.anerica11y. These 4 species made up 51% of all strains recovered 
fran clinical specimens. Precise differentiat;ons between Klebsi
ella ~p and Enterobacter sp, replacing the obsolete Klebs;ella
aer"o'bacter differentiation, was implemented in February 1971. Thus, 
a residual K-E group (not differentiated between Klebsiella and 
Enterobacter) is listed for the first part of 1971. The overall 
incidence of Klebsiella sp (virtually all!• pne1.anoniae ~n the 
basis of sample strains tested) would probably be 11% ;nstead of 
'IX,. The K-A category used pr;or to 1971 probabiy included a pre
ponderance of Klebsiella sp. 
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Bacteriolo~ of the Burn Wound and Other Surface Areas. 

There were 23 groups or major species recovered from burn 
wounds. The predominant strains are listed in Table 2. 

The wound and surface flora of the 147 patients who were cul
tured resembled, in many respects, the overall predominant pattern 
seen when all flora of all patients was s1.11111arized. Staph. aureus, 
in 61.2% of all samples, was the most conmon organism. The other 
gram-posit;ve cocci, primarily coagulase-negat ·ive staphylococci 
and alpha streptococci, were found in from 26 to 30% of samples. 
Among the gram-negative flora, Klebsiella, Escherichia coli, and 
Pr~teus m'rabilis occurred in similar frequency. The E.coli in
cidence ~as unexpectedly high, since it almost never ;'s' recorded 
as a potential invader of the burn wound. Klebsiella, which is a 
prominent feature of respfratory fofectfon, wa!. 1 ess common than 
was expected, and Proteus mirabilis, regarded as almost ubiquitous 
in healing ~K>unds, was also less often found than had been antici
pated. The other 3 species of Proteus were found in only 12 samples 
all together. Enterobacter sp would appear to have opportunity 
to colonize as readily as Klebsiella but they were not numerous. 
Genera seen only in 4 to 5 pat,ents were Citrobacter, Serratia, 
Hima-Here11ea, Bacillus, and Corynebacterlum"sp. They were incon
sequential in wound infection. The high ~e~dl of alpha- strepto
cocci observed represents primarily group D streptococci on the 
basis of sample strains which were grouped. The presumption of fecal 
flora,contamination i s made. The wound flora was essentially hetero
geneous, and most colonizing strains were relatively inocuous. 
Tissue invasion appeared to occur only with ~taph., Pseudomonas and 
Providencia. 

Septicsnia in the Burn Patient, Institute of SurgLcal Re. earch, 
ill!· 
Positive blood cultures occurred in over 30% of the patients 

cultured. One hundred seventy-nine patients were cultured, and 
63 were positive. This was 22% of all admissions, a decrease from 
25% of admissions in 1970, but the septicemia rate was much higher 
than that which occurred in 1966 and 1967. A total of 1331 culture!'. 
were drawn for an average of 7.5 cultures per patient on whom at 
least one culture was taken. The total bacteriologic picture of 
blood stream infection in burns is s1.111narized in Table 3. Seven
teen genera were recovered. Predominant organisms were Staph. 
aureus, Providencia stuartii, Ps. aeruginosa and Klebsiella sp 
{these strains were undoubtedly ~neumoniae, b~t speciation wa s done 
only on a sample of the isolates. The lethal implications of 
blood culture positive for one of the gram-negative species were 
much higher than for the staphylococc~, but even with Staph.!.':!!:~, 
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TABLE ). Blood Culture Isolates from 6) Burned Patienl1t 1971: 
Relation of Species to Mortality in Sepli cemta 

No. Patients No. of Blood No. Palienll % of Patienll 
Organism Positive Cul turn Expired with Po1ilive 

Posit i ve Culturn Who 
Expired 

S&1gb~hu:1K:,111 
•ureus q ~r 12 .... 
epider;,,idi s 7" TT 

Streptococcus 
alpha hemolytic 2 2 0 0 
non hemolytic 3 .. 0 0 

Coryncbac ter ium sp. 4 5 3 75 

hci II us sp. 0 0 

Providenc ia ~ u 2£ ~ ~ 

P s eudomona s ~- 20 E .!l !i 
Klebsiclla !E· i ll 1 11. 
Enterobac tcr 

aerogcncs I 1 I 100 
cloacae ) 4 2 66 

Escheri chia co li 5 7 5 100 

Proteus 
mirabil h 2 I 100 
re ttgcri I 0 0 

Ci tr ~ ba t c r sp. 5 0 0 

Sa lmonell a typhimurium I, 0 0 

Candida sp. 5 9 4 80 

28 i so l a t es wer e ollcc t cd fr om one patient 
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44'/.,of patients with a positive culture expired, al though not 
necessarily with staphylococcal sepsi s . Wh en septi cemi a i . com
pared wHh total burn flora, the lower level o~ opportunisti c in
vasion by such gener a as Serratia, Escheri chia and Mima-llerelle ,1 
is noteworthy. However, the frequency of occurrence of a given 
species in the blood stream does not convey the actua l s equence of 
events which occur s in most of these septicemic episode ..• To 
show the multiple invasive episodes that occur, the individua l 
patients were listed with the total of species which occurred in 
each patie1,t. This information is surTWnarized in Table ~. 

Single species blood stream invasipn occurr ed in 14 patient s 
with ~~aph ~~' 6 with Pseudomonas, S with Providencia stuartii, 
3 with Klebsiella, 2 with Candid~ and one with E.coli. Thirty 
out of 63 patients had 2 or more species recovered--zn-success ive 
cultures . One-fourth of all positive patients had 2 species, one
eighth had 3, and S out of 63 had 4 or 5 species recovered during 
the course of illness. There wa s no predominant succession: the 
episodes show a distribution which parallels the predominant spe 
cies seen in the overall bacteriologic flora of burned patients. 
Multiple infections occurred more often among fatally burned 
patients, but there was little evidence that a part i cular sequence 
of species was morP. lethal than any other. Providencia stuartii 
and Ps. ae~i_nosa occurred sequentially in 5 pat1ents, and Stap~ 
aure~s with Klebs_iell,1 occurred twice. All other sequences occur
red as single episodes. 

Out of 57 deaths, 35 had a positive blood culture while 22 did 
Out of 105 survivors, 27 had a positive blood culture. En
gram-negative bacilli and Ps. aeruginosa were the most fre
offenders in septicemia with lethal outcome. 

not. 
teric 
quent 

Respiratory Tract-~~ ter i~-~. 

Sputum and Lukens tube aspirate specimens were collected from 
94 patients, with 287 samples, an average of 3 specimen~ per patient. 
In each of the 2 p:·eceding years, about twice as many samples were 
collected. Why thi s decrea se in sampling of the pulmonary flora 
occurred is not known. 

The flora is divided into 2 groups: the alpha hemolytic strep
tococci, Ncisseria and coagulase ne~ative staphylococci, and the 
Staph aur~us and gram-negative bacilli. The former constitute 
normal upper respiratory tract flora; there is no reason to as 
cribe to these organisms a pathogenic role in pulmonary infection. 
The status of ~taph aureus is equivocal; it undoubtedly is fre
quently found in the nasopharynx, but in the proportions in which 
it was found here, and in view of the fact that almost all isolates 
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TAILE I+, llood Cultures Po1tttve t~ 6) lurned Patlent11 
SpeclH Recovered fr• lftdlvtd\NI Patl111ts • 1971 

Spect H Recovered 

Stlpll1l~occu1 eurw1 

St1pll1lococcu1 aurws, Prov,1tuartlt 

Stapll.eureus, P1eud-•s, Coryne. 

Stapll,e1oreu1, P11..i-a1 

Stapll.eureus, Stlpll,coa9.ne9., P1eudo, 
Coryne,, alplla-atrep, 

Staph.-eu1, lllellllella, E, colt, 
P1eudo,, Prov, 

Staph, aureus, lllellstella, Prov, 

Stepll.eureus. ,stapll.coa9,ne9, ,lact I lus, 
Caftdtda 1p, 

Providencia stuartl I 

Prov,, Pseud-s, lllebslel la 

" 

s 
s 

Spect11 Recovered 

Prov,, Ent1ro,cloec••• E,colt 

Prov,, Ps~"•1,Caftdlde 

Prov,., Entero,, Pseud-• 

Prov,, Steph, coag, neg, 

Prov,, Proteu1 •lrabllts 

Prov,, Cor,na, 

Prov., Cor,ne,, (, colt, Candida 

Prov,, Proteus rettgerl 

Pseuci-s Hrugl"°sa 

Cl trobac ter, non-h-,strep, ,s.1-1 la 
t,Phl• urlu• 

€, colt 

Staph, coag,neg, 

Candida sp, 

No, of patl111ts with one species recovered 33 
% of ell Po1ltlv•1 

sf 
26,9 
12,9 

No, of patl111ts wt th two species recovered 17 
No, of patients with three species recovered 8 
No. of patients wt th four species recovered ] ,., 7 
No, of patients with five 1p1,t11 recovered 2 ],O 

214 
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TABLE 5. Predani nant Sped es of Bae ter fo Recovered fran the 
Respfratory Tract (94 Patient ., Cul turedj, Institute 
of Surgical Res.earch - 1971 

Species No. Pa ti en ts % of Cultured 
Positive Patients Positive 

"'\; 

a 1 pha-hemot yti c strep 58 61 

Neisseria sp 26 27 

Staph. coagulase negative 27 27.2 

Staph. coagulase positive 41 43 

Pseudomonas sp 37 39 

Providencia stuartii 31 33 

Klebsiella sp 43 45 

E. cot i 27 27 .2 

Enterobdctcr aerogenes 13 13 

En terobac ter cloacae 11 11 
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were phage type 84, rather than the heterogeneous type distribution 
which h seer. in heal thy individuals, it must be regdrded as an 
acth·e pathogenic species. Jlrnong gram-negative flora, the Pseudo
monas, Provid~cia and KlebsielJ..! predominated. Klebsiella was 
found in almost half the pat1ents whose sputa were cultured, These 
3 genera, none of which are prominent in the normal nasopharynx, 
ccou~t for a major part of morbidity dnd mortality due to pneu

monia in the burn patient. In contrast to Klebsiella, the closely 
related Enterobacter sp apparently play a minor-rolein pulmonary 
bacteriology in the burn patient, ~• coli occupied an intermediate 
level of frequency of occurrence, It did not, however, play a 
conspicuous part in the bacterial picture seen at autopsy. 

Biopsy Cultures and the Burn Patient. 

As a diagnostic tool, wound biopsy has become a routine pro
cedure. Surface culture reflects the bacterial flora found in the 
tissue but cannot offer a precise quantitative assessment nor can 
it, of course, offer information about the histology of the burn. 
There were 77 patients on whom biopsies were done; 197 samples, or 
2,5 per patient were collected, Qualitative bacteriologic results 
are shown in Table 6, Comparison with comparable data for 1969 
is given • 

TABLE 6. Burn Wound Biopsies on 77 Patients 
Institute of Surgical Research - 1971 

Species 

Staph aureus 

Prov. stuartii 

Ps.aeruginosa 

K 1 ebs i e 11 a sp 

E. coli 

Prot. mirabilis 

Candida sp 

No, Patients 
Positive 

----
34 

31 

23 

13 

15 

10 

17 

% of Patients 
Positive 

1969 1971 

42 44 

51 40 

30 30 

20 17 

14 19 

34 1 3 

6 22 

216 

% of Patients 
Positive Who 
.!mired 
19 9 1971 

22 38 

14 58 

39 57 

so 31 

47 33 

38 40 

53 
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The incidence of predominant species in tissue samples is 
shown as the percentage of patients positive for the species. In 
1971, the fflc3jor species were~~~~~, Providencia stuartii, 
~nd Ps. aeruginosa. ~- coli and Proteus ~irabilis were found in 
signTTicant nl.11lbers, and Candjda sp was recovered from one-fifth 
of the patients. The incidence of Staph., Providencia, PsQydomonas, 
Klebsiella, and E.coli varied little from similar collections 
fn 1969; Proteus-wasmuch less conmon and Candida sp were more 
frequently recovered. · 

The per cent of patients who expired with a history of harbor
ing a given pathogen in the burn tissues may contribute to under
standing the significance of such invasion. A marked rise in the 
death rate of those with Providencia was noted. Fluctuations with 
other tissue-invading strains were not as marked; a rise in deaths 
in patients with Sta~h aureus and with~- aeruginosa was contras
ted with a drop int ose with Klebsiella and E.coli. More patients 
were positive for Candida in 1971, and the deathrate in such 
patients had no counterpart in 1969. 

Catheter Tip Cultures. 

A source of sepsis of continued concern is infection localized 
at the site of an indwelling intravenous catheter. One hundred 
twenty-three patients had catheter tips cultured on removal from 
the vein; there were 312 catheter tips examined. The bacterial 
flora was not a reflection of the wound, bloodstream or pulmonary 
tract flora. Species and incidence of recoveries are shown in 
Table 7. 

TABLE 7. Bacterial Flora of I.V. Tips From 123 Burn Patients 
Institute of Surgical Research - 1971 

Species 

Staph aureus 
Strep, non-hemolytic 
Coagulase-negati,e Staph 
Baci 1 lus sp 
Klebsiella sp 
Enterobacter aero~:ciles 
Proteus rettgeri 
Providencia stuartii 
Pseudomonas sp 
Candida sp 

Total Patients 
Positive 

217 

11 
2 
3 
1 
4 
1 
1 

22 
6 
6 

No. of Strains 
Isolated 

16 
2 
3 
1 
5 
1 
1 

31 
7 
8 
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~ aureus, not unexpectedly, was one of the 2 species found 
withrelative frequency, in 8% of the patients. Providencia 
stuartii was recovered from 16% of patients. Pseudqppnas, other
w,se a prominent part of the burn flora, was found in very small 
numbers. It is suggested that Providencia stuartii here shows, 
once more, a propensity for invading tissues of the burn patient 
ir, a degree not exhibited by other Enterobacteriaceae. 

DISCUSSION 

The proportion of burn patients who developed sepsis has 
remained essentially unchanged since 1964 with only the predomin
ate organisms varying year by year. Burn wound sepsis due to 
Ps aeru9inosa remained at a low incidence, and bacteria in wounds, 
lung an blood stream remain the obvious incitants of this state. 
The septicemia rate remained high, and was conspicuous for its 
display of a wide variety of distinct species appearing in succes
sion in the burned patient. Routine admission blood cultures, 
taken after manipulation of the patient in the Hubbard tank, were 
rarely positive. 

~tap~ aureus, Providencia and Pseudomonas remained the major 
sept1cem1c problem. K1ebsie11a sp was the other gram-negative 
enteric form which was found in the blood in significant numbers. 
The respiratory tract flora showed Staph., Pseudomopas and Provi
dencia as prominent as they were in septicemia, but the Klebsie11a 
incidence was proportionately far greater than was its role in 
septicemia. Tissues also had a bacterial population that paralleled 
the lung and blood stream flora. The bacterial flora of both burn 
tissue and lung suggest that both sites are plausible sources of 
bacteria for invasion. 

SU~ARY 

The relation between bacterial colonization and sepsis in the 
burned patient appe~rs to be more complex as the bactr.riologic 
picture is scrutinized in detail. The extreme diversity of causa
tive organisms in septicemia does not accord with a specific eti
ology for sepsis, and the variation in the lung flora as revealed 
in sputum cultures also indicates that the bacterial pneumonia 
which may occur is an opportunistic phenomenon related to diminished 
host resistance and the bacterial flora of the individual patient. 
The offending categories of greatest numerical importance are 
Staph aureus, Providencia stuartii and Ps aeruginosa. Klebsiella 
e~eumoniae and t• coli have shown an increasing degree of involve
mciito1the respiratory tract in the past year. No promising new 
developments in control of .these organisms have occurred. 

218 
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ABSTRACT 

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

REPORT TITLE: EMERGENCE OF METHICILLIN-RESISTANT STAPHYLOCOCCUS 
AUREUS TYPE 84 IN BURN PATIENTS 

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

Period covered in this report: 1 July 1971 - 30 June 1972 

Investigators: Robert B. Lindberg, PhD 
Ruth L. Latta, BS 
Evan T. Thomas, Lieutenaint Colonel, Msc-:. 
Basil A. Pruitt, Jr., MD, Colonel, MC 

Reports Control Symbol MEDDH-288(R1) 

Sta~hylococcus aureus is an important pathogen in burn wounds, 
but int e Institute of Surg;cal Research it played a minor role 
from 1960 through 1967. Phage types showed the population to be 
heterogeneous, and antibiotic resistance was not conspicuous. In 
1968, however, a sharp rise in type 84,85 incidence occurred; by 
1969, this pattern was seen in 60"/4 of the isolates. In 1970 a re
lated but distinct strain, with phage pattern 47,54,75,84,85 reached 
epidemic proportions until September 1970 when it was replaced by 
type 84 in what could be termed a monotype epidemic. During the 
1968-1971 period, antibiotic resistance of staphyl~cocci increased 
rapidly; methicillin-resistance increased to the point where 85% of 
isolates are now resistant. The most effective remaining agents 
are gentamycin and cephalothin but these 2 are decreasing in effec
tiveness. 

Staph aureus septicemia increased markedly in 1970, with type 
84 the predominant cause. No effective measures for eliminating 
staphylococci from a burn ward population exist, and thus a mono
type, highly resistant epidemic strain has become a major problem. 

Staphylococcus 
Burns 

Septicemia 
Burn infection 

* Fifth Army Area Laboratory, Fort Sam Hcuston, Texas 78234 
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EMERGENCE OF HETHICILLIN-RESISTANT 
STAPHYLOCOCOJS AUREUS TYPE 84 IN BURN PATIENTS 

The history of therapeutic use of antibiotics has been marked 
by continued appearance of resistant forms among pathogens origin
ally susceptible, with the counter-stroke of discovery of new anti
biotics which are once more effective. The semi-synthetic penicil
lins of the methicillin pattern were hailed as the ultimate weapons 
in the search for anti-staphylococcal antibiotics. However, recent 
reports have announced a change of predominart phage types from group 
1 to group III strains in Europe (Bulow,1971 ; Jessen, ~t al, 19692) 
and more recently in the United States (Barrett, et a1)3 • . In addi
t i on to increasns in the proportion of penicillin and tetracycline 
resistant strains, these new rhage types showed, beginning in 1967, 
a slow but significant rise in methici11in-resistant strains. This 
trend appears to be occurring in many areas in which sensitivity 
monitoring is maintained. This report sumnarizes the results of a 
continuing study ·on antibiotic sensitivity of burn wound flora and 
of strains causing septicemia in burned patients. 

Sta~ylococcus aureus, long regarded as a major pathogen in 
burn wou s, played a relatively minor role in infections at the 
Institute of Surgical Research from 1963 through 1968. However, 
since 1968 a dramatic rise in the rate of sepsis due to Staph aureus 
has occurred. At the same time, antibiotic resistance has increased, 
and staphylococci in the burn wards have changed from a heterogeneous 
to an increasingly homogeneous group. Today they constitute a single 
predominant phage type in this Institute, devoted mainly to burn 
injuries. 

These recent changes in antibiotic sensitivity and in the epi
demiology of Staph aureus are recorded for the US Army Institute of 
Surgical Research, but the observations noted here present funda
mental i:nplications for future management of traumatic wounds in 
which a high rate of bacterial colonization occurs. 

The type identity of pathogenic staphylococci would be an aca
demic problem if it were not for evidence of a rapid increase in 
infection rates which has accompanied the change in sensitivity and 
the emergence of a monotype population. In the categories of , 
staphylococcal bacteremia, presence of staphylococci in biopsies, 
and recovery of staphylococci from veins in thrombophlebitis, there 
has been a relative increase in positive cultures in this Institute. 
At the same time an increase in the proportion of sputum and trachea 
aspirate cultures yielding staphylococci has occurred. An illustra
tion of this trend is shown in the increase of staphylococcal 

223 



20-2 

bacteremia in the annual total blood cultures from patients in our 
Institute. 

This table sll'llntarizes the incidence of staphylococci in blood 
cultures from 1963 through 1970. There was a steady drop in the 
rate of positives, from 21'/. of all patients with bacteremia in 1963 
to 6% in 1968. The dramatic reversal which occurred in 1969 has 
continued since then. Hore than half of patients with positive blood 
cultures harbored staphylococci in the blood in 1971. 

There were no major changes in therapy nor in source of patients 
which might have accounted for this increase in infection. In con
sequence, the staphylococci isolated from these patients were scru
tinized more closely. Antibiotic sensitivity of staphylococcus 
strains recovered in this Institute during the past 5 years were 
compared on an annual basis. These data are sumnarized in Table 2. 

This table CO"l)ares the sensitivity to 6 antibiotics beginning 
in 1967. Gentamycin and Keflin were added only in the last 3 years. 
Testing was done by tube dilution. Hore than half of t~e strains 
tested each year were recovered from blood cultures. The limiting 
level for sensitivity was set at 6.25 µg/ml or less of antibiotic, 
a level which has been widely used to denote sensitivity for 
staphylococci. 

Kanamycin and tetracycline had, in earlier )'Cars, .been highly 
effective anti-staphylococcal agents. In 1967 and 1968, these 2 
were effective against 1/5 to 1/3 of the strains tested, but in 1969 
tetracycline dropp~ from a 38X. to a 13% inhibitory level. In 1970 
and 1971, this antibiotic became virtually ineffective against 
staphylococci. Kanamycin remained active against staphylococci dur
ing 1969, but its effect was negligible in 1970 and 1971. Lincomy
cin was highly effective in 1967, but resistance to this compound 
incre~sed steadily up to 1970. A residue of 28"/4 of isolates were 
still .ensitive in 1971. Host disturbing of all were the changes 
toward methicilin and 2 other semi-synthetic analogous antibiotics, 
oxacillin and nafcillin. Each of these was initially highly active 
against all strains tested. In 1967, oxacillin and nafcillin were 
still almos t completely effective, but methicillin-resistant strains 
began to appear. In 1968, oxacillin and nafcillin-resistant strains 
appeared, and all 3 were c0f'l1)arable in activity. Then, in 1969, a 
sudden drop occurred with each of these antibiotics. Hethicillin 
was most affected, and only 25% of isolates tested in that year were 
sensitive. Oxacillin and nafcillin were slightly more active . During 
the next 2 years, oxacillin dropped to a 20% effective range and 
methicillin t,, 15"/.,, while nafcillin was still active against 33'/o of 
the strains t ested. A major category of antibiotics thus became of 
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Table 1. Incidence of Staphylococcus aureus Bacteremia in 
Burn Patients, ISR, 1963-1970 

Hg 1 P1tiint~ With lnddence of 
Positive Blood .llilm · 1ureu s Staph.aureus 

Year Cultures Recover~d Among 
Bacteremias 

o/ 
/0 

1963 81 19 23.4 

1964 33 10 30. 3 

1965 17 3 17-6 

1966 29 6 20.6 

1967 21 2 9.5 

1968 so 3 6.0 

1969 79 36 4s.s 

1970 81 46 56-7 

2 25 
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Table 2. Antibiotic Sensitivity of Sta~hylococcus aureus 
% 9f St r ains Inhibited by 6.25 µg ml or less 

Ye .::i r Antibiot ic and Y? Inhibited by 6.2~ ~gLm1 
K L Ps Sc 

1967 23.0 89.4 94.0 61.1 

1968 42.8 64.7 80.0 84.6 

1969 38.0 48.5 33.0 25.7 

1970 2.8 29.8 22 .4 18.0 

1971 3.8 28.4 20.1 15.5 

K - Kan;:imycin 

L - Li ncoci n 

Ps - Prostaphlin (Oxacillin) 

Sc - Staphcillin (Methicilli-n) 

u T G Kf 

94.4 22.2 

90.0 38.4 

41 .. 0 13.0 52.0 

33.9 3.8 32.0 

33.0 2.9 50.0 56.4 

U - Unipen (Nafcillin) 

T - Tetracycline 

G - Gent ~mycin 

Kf - Keflin (Cephalothin) 
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minimal value in therapy or prophylaxis. 

Gentamycin, which was first used extensively in 1969, has re
mained effective against approximately one-half of the staphylococci. 
Keflin was only tested in 1971; it is still, in this population, the 
most effective antibiotic for staphylococci, although the record of 
developing resistance to cephalothins elsewhere offers little 

4 assurance that it will continue to be of great value (Finland) • 

Hore disturbing than resistance to individual antibiotics is 
the appearance of strains which show complete cross-resistance to 
all antibiotics. This event has, of course, been reported from 
various parts of the world. Change3 observed in our Institute since 
1969 are ' presented in Table 3. 

This table shows the change in cross-resistance from 1969 
through 1971. The observations are limited in n~ber, but the up
ward trend of this phenomenon is nevertheless disturbing. 

Begin_ning in 1963, staphylococci were differentiated by bac
teriophage typing of a random sampling of isolates from the burn 
ward. This was primarily a precaution to establish a baseline for 
comparison in the event that more detailed information became de
sirable; The results of this program are sll'IITlarized, in reference 
to predominant types, in Table 4. 

During the 3 years before 1967, no single type had made up 
more than 10°/o of the strains isolated. The population was typically 
heterogeneous, end the number of individual types was large. Start
ing in 1967, there were still ·a large number of types, each of which 
occurred only in small numbers. There were 33 different phage 
patterns. The 2 predominant types, 42E,53 and 6,42E,47,54,were pre
sent as 15°/o and 8°/4 of all strains tested. The proportion of patients 
harboring them was of the same order. 

In 1968, type 84 was for the first time predominant, and made 
up 20% of all strains. It appeared in 19°/4 of patients harboring 
staphylococci. In 1967, both predominant types were in group III of 
phage types. In 1968, a group I pattern, 52,22A,80,81, appeared as 
a major part of the staphylococcus population. Group I strains in
cluded the classical type 80,81, which for a d~cade was regarded as 
the "hospital strain" of pathogenic staphylococcus. This reappear .. 
ance in 1968 was the last time that this or any other group I pattern 
has been prominent in this Institute. 

In 1969, a striking increase in staphylococcal sepsis occurred, 
and at the same time there came a rise in antibiotic resistance. Type 
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1967 

1968 

1969 

1970 

1971 
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Table 4. Predominant Phage Types of SttQhvlococcus wreus 
I SR, 1967-1971 

stc1ins of s. 1!::!reus P1ti !!Jts 
No. Predomi n.,t % of No. % wi th Predomi -

Typed Type Total nant Type 

124 42E,53 15.3 68 17.6 

6,42E,47,54 8.0 8.8 

108 84 20.3 63 19. 1 

52,52A,80,81 17.5 14. 2 

328 84 28.2 141 34.7 

84,85 . 21 .1 32.6 

593 47(54)(75) 

84,85 50.0 169 55.6 

84 26.1 31.3 

564 84 74.6 159 89. 3 
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84 increased to 28% of isolates, and was found in 34% of patients 
harboring staphylococci. Type 84,85, the other predominant organ
ism, made up one-fifth of the isolates and was found in almost as 
many patients as type 84. 

In 1970, type 84 persisted as did type 84,85, but for 8 months 
these two were a minority of the isolates. A closely related group 
of strains, designated as type 47,84,SS, with less frequent reactions 
with combinations of phages 54 and 75, appeared a~ruptly and became 
the vastly predaninant type. These 3 types made up the whole staphy- . 
lococcus population; there were no other t~pes recovered from patients 
during 1970. At the end of 1970, type 84,85 disappeared abruptly and 
c~letely, MS did 47,84,85. In terms of patients seeded, types 47, 
84,SS and 84 together appeared. on 87% of those with positive cultures 
in 1970. In 1971, only type 84 appeared in significant n1.1nbers. 
This sequence of events is more readily envisioned when portrayed 
in graphic form. It is shown here in the figure, in terms of per 
cent of all staphylococcus strains which made up the predominant 
types in 2-month intervals. In 1969, the 2 predaninant type, 84 
and 84,85, were relatively close together in incidence. It is im
possible categorically to separate these 2 patterns as unequivocally 
separate types. However, type 84 fluctuated between 8 and 25% in 
1970, while type 84,85 fell to zer.o incidence between 3 low peaks 
of occurrence. In September type 84,85 disappeared, whi 1 e type 84 
suddenly became the predominant type. It appears plausible that 
these 2 were indeed separa t e types. The epidemic of type 47,84,85 
began and ended abruptly as is shown here. There were 8 other types 
recovered during 1971, but each of them occurred in low incidence. 
The group shown here constitutes the total of these infreq~ent types. 

Type 84 was recovered in 92% of staphylococcus-positive blood 
cultures in 1971; it was present in 84% of biopsies and in 93% of 
autopsy wound samples in which staphylococci were present. It con
stituted 92% of 111 strains recovered from vein biopsies and catheter 
tips, and was found in 7'1% of 111 sput1.111 specimens positive for 
staphylococci. 

Nontypable strains totalled 20% to 25% of all staphylococci 
tested. In the peak epidemic perio<i of 1970, only 8% of isolates 
were nontypable. 

DISCUSSION 

The staphylococcus population now present (in 1972) in the burn 
wards of the Institute of Surgical Research has been designated as a 
rnonotype epidemic. Type 84, once established in the ward in 1968, 
increased in incidence steadily until the virtually explosive episode 
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episode of type 47,84,Bs in 1970. After that type vanished, type 84 
moved in to reestablish canplete predaninance. Meanwhile, the inci
dence of staphylococcal sepsis increased strikingly. Both type 47, 
84, 65 and type 84 were recovered readily from floors, surfaces, sinks 
and air in the burn ward. These types undoubtedly permeated the 
environment. 

In contrast, when nasopharyngeal surveys were made in 1971, 
only 2 out of 60 ward attendant personnel carried type 84. Most of 
the carrier $trains were untypable; the r81Wlinder were a hetero
geneous collection of types, with all 3 groups represented. Evi
dently this epidemic type does not readily become planted in the 
upper respiratory t ~act of healthy individuals. 

The problem of similar staphylococcus epidemics may well appear 
in other hospitals, since group III pha·ge types are now praninent 
throughout the world. There are no procedures for eliminating 
staphylococci from an ~pen burn ward. Further, incuming patients 
in 1971 harbored type 84 strains, so that re-seeding was always 
possible. While aseptic procedures can reduce the rate of spread 
of staphylococci, they cannot eliminate them. 

This sequence of events illustrates the way i11 which this mono
type staphylococcus has become a major burn pathogen, resembling 
the behavior of staphylococci 10 years or more ago. Today, however, 
our weapons for controlling staphylococci are far weaker than were 
the ones available a decade ago. The best current defense is C5Tl
bodied in carefully selected methicillin, cephalothins and ar.iino
glycoside antibiotics. But the appearance of a single dominant 
epidemic strain, highly resistant to antibiotics, indicates t hat it 
is far more likely to be refractory to management than was the 
heterogeneous population ~nich was formerly seen. Type identi fica
tion of strains is an important tool to use, if such transmi sible 
resistant agents are to be recognized. Effective procedures for 
their control have not yet been forthcaning. 
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ANTIBIOTIC SENSITIVITY OF CURR£NT MILITARY BURN 
PATIENT FLORA 

Despite the development of effective topical therapy, the role 
of infection in burn patients has remained an important one.' Sepsis, 
frequently with bacteremia, is a major feature of severe burns in 
the Institute of Surgical Research. Its control depends as a matter 
of course on antibiotic treatment, and selection of such antibacterial 
agents can be aided by• knowledge of current antibiotic sensitivity 
patterns. There has been a continued trend toward increasing resis
tance to antibiotics among the major groups of organisms infecting 
burns, and a resume of the sens~tivity patterns of recent years gives 
information not otherwise available. The accelerating rate of 
appearance of antibiotic-resistant gram-negative bacilli has been 
explained by the growing incidence of resistance transfer factors. 
Multiple RTF have been described, which c·an explain the extremely 
rapid appearance of resistance in previously sensitive strains. 

TECHNIC 

Strains tested in the Institute of Surgical Research were pri
marily from blood cultures and from other sites in gravely septic 
patients. The battery of test antibiotics was revised in February 
1971. Ch1oramphenico1 was dropped and ampici11in introduced. 0,1or
amphenico1 had been progressively less effective in the previous 2 
years; it had become virtually ineffective antibiotic by in vitro 
criteria. The gram negative organism battery in 1971 conSTsted of 
the fol lowing: 

Symbol 

T 
A 
G 
K 
Co 
Kf 

Antibiotic 

Tetracyc1 ine 
~pici 11in 
Gentamycin (Garamycin) 
Kanamycin (Kantrex) 
Co1ymycin (Co1istimethate sulfate) 
Kef1in (Cepha1othin) 

In addition, a11 Pseudomonas aeruginosa strains were tested 
with carbenici11in. Proteus mfrabi1is strains have been tes t ed for 
2 years with Penicillin G, in view of reports that this antibf°otic 
is effective against the species. However, only rarely has a sen
sitive strain been observed. 

The gram positive organisms have been tested against the 
following battery in 1971: 
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K 
L 
Ps 
Sc 
T 
u 
G 
Kf 
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Anti biotic 

Kanamycin (Kantrex) 
lincocin (Lincomycin) 
Prostaphlin (0xaci11in) 
Staphci11fn (Methici11in) 
Tetracycline 
Unipen (Nafci11in) 
Gentamycin (Garamycin) 
Keflin (Cephalothin) 

Gentamycin was added to the battery in 1971, after the trend 
toward increasing antibiotic resiitance was recognized in the sensi
tivity data collected in 1970. 

The tube dilution assay technic has been described previously 
(Lindberg, et al) • The number of strains of each species tested, 
and their sources are shown. The samples were selected for test 
because they were of importance clinically, thus the bacterial popu
lation tested is weighted toward strains actively involved in infec
tion. Further, serial isolates were tested while the patients we~e, 
in some instances, under intensive antibiotic therapy, so that selec
tive recovery of resistant clones may have been more likely to occur. 

Table 1 sunmarizes the strains tested and their sources. 

RESULTS 

Percentage of strains sensitive are shown as a cunulative total, 
starting with the lowest, 0.78 µg/ml, level. The upper limit for 
"sensitive" strains is 12.S µg/ml for gram negative bacilli. For 
gram positive cocci and bacilli, the upper limit is 6.2S µg/ml. 

Sensitivity of 99 strains of Staphylococcus!!:!!:..~ are shown 
in Table 2. 

The cunulative progression of sensitivity as antibiotic concen
tration rises shows not only the absolute level for sensitivity, i.e., 
6.2S µg/ mt, but the pattern of i11,crease. Thus, Kanamycin was of little 
potential value even at 12 .s µg/1111, as was true also of Tetr1cyc1i ne. 
Lincocin was probably potentially usable for about one-third of iso
lates; the 3 semi-synthetic penicillins (Prostaphlin, Staphci11in and 
Unipen) differed markedly in degree of potential usefulness above the 
6.S level. Staphci11in (Hethici11in) was relatively ineffective at 
12.S µg/ml, but Prostaphlin and Unipen, at the 12.S µg/ml level in
hibited over 40% of isolates and still deserved consideration. Genta
mycin and Keflin were the most effective antibiotics in terms of !!l 
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ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BI<J4EDICAL SCIENCES 

REPORT TITLE1 ANTIBIOTIC SENSITIVITY OF CURRENT MILITARY BURN 
PATIENT FLORA 

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

Period covered in this report: 1 July 1971 - 30 June 1972 

Investigators: Robert B. Lindberg, PhD 
Anthony A. Contreras, MS 
Arthur D. Mason, Jr., MD 
Harvey O.D. Smith, Jr, SP6 
Peter M. Kirchgessner, SPS 

Reports Control Symbol MEDDH-288(R1) 

Sepsis in burn patients is a major cause of morbidity and 
death, and control of opportunistic bacterial invaders relies ex
tensively on antibiotics. Periodic resunes of sensitivity of 
strains collected in the Institute of Surgical Research offers the 
most reliable guide to selection of antibiotics when isolation and 
testing of invading flora have not been canpleted. Examinati,n of 
335 strains of Sta~ylococcus aureus, Sta~ylococcus e~idermidis, 
Klebsialla, Entero cter, Proteus mirabils. Providenc a stuar~ii, 
Escherichia coli, Citrobacter sp, and Pseudomonas aeruginosa was 
carried out using tube dilution technic to detennine MIC. A rela
tively high degree of resistance to most antibiotics was found, 
but sensitivity of several genera of gram-negative bacteria had 
not altered markedly over the past 3 years. The mo~t serious 
emergence of resistan t clones has occurred with~ aureus and 
with Providencia stuartii. For the latter, comple'te'resistance 
has now developed. Staphylococcus strains are becoming more re
sistanti no effective solution has been found for this trend. 

Burn wound flora 
Antibiotic sensitivity 
Pseudanonas 
Providencia 
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~ test, for Staph aureus in 1971. 

Coagulase negative staphylococci were seldom found in circ1.111-
stances that merited antibiotic sensitivity testing. Nine strains 
were tested. Kanamycin and Lincocin were effective at 6.25 µg/ml; 
for 2 out of 9 strains; the ~emi-synthetic penicillins {Ps, Sc, U) 
inhibited from 37 to 50 % of 8 strains; tetracycline inhibited one
third, Gentamycin 62% and Keflin 85% of strains tested. 

Ps. aeru,inosa, 55 strains were tested and the results are 
SIMl'fflarTZed inable 3. Ps. aeruginosa strains were virtually all 
resistant to tetracycline'; Kanamycin, Keflin and Ampicillin. The 
latter was completely inactive. Colymycin and Gentamycin were vir
tually equivalent in activity; at 12.5 µg/ml over 7'1¾ of tested 
strains were inhibited. This level of activity has persisted for 
at least 3 years; no increase in resistant forms was seen. 

Cross resistance of Pseudomonas strains between Gentamycin 
and Colymycin has been viewed as a potential disadvantage resulting 
from continued use of these antibiotic.s. Comparison of this phenome
non showed that differences between the 2 are equally distributed 
(Table 4). It was apparent that linked cross-resistance to the 2 
antibiotics does not comnon1y occur. 

Carbenicillin sensitivity varied widely. The upper limit for 
indication of clinical feasibility has not been unequivocally de
fined. If the 1eve1 of 312 µg/ml were taken, 38% of strains were 
sensitive. At 78 µg/m1, only 12% were sensitive. 

Klebsie11a sp infections, as reflected by sources of strains 
tested, were uniformly distributed between blood stream, pulmonary, 
wound and urinary tract involvement. The range of sensitivity was 
within achievable 1eve1s for 4 antibiotics. Table 5 s1.111narizes 
these levels. 

Tetracycline was not effective with K1ebsie11a sp. Kanamycin 
at 12.5 µg/ml inhibited 31% of strains and Keflin 24%. Co1ymycin 
inhibited 31 % of strains at 12.5 µg/ml but 28% were inhibited at the 
6.2 µg level. Gentamycin, the most effective antibiotic, inhibited 
71.8% of stra ins tested at 12.5 µg. Ampici1Hn was devoid of activity. 

Enterobacter aerogenes was the only Enterobac ter species which 
came to hand. Thirteen strains were tested. Tetracycline was active 
against 7 of these, Co1ymycin against 6, and Gentamycin against 10 
at the 12.5 µg/m1 level. None were inhibited by Ampici11in at this 
1 evel • 

There were 36 strains of Proteus mirabi1is tested for sensitivity• 
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In this case Penicillin G was included in the testing battery. Re
sults are presented in Table 6. 

Proteus mirabilis strains were virtually resistant to tetra
cycline and kanamyc1n, Colymycin and Penicillin G. The latter ob
servation is at variance wi th several reports of sensitivity to 
Penicillin G but the findings were reached with no variation occur
dng. ~pici11in was acthe against one-third of the strains tested. 
The two optimal ·antibiotks were Keflin and Gentamycin. Keflin was 
obviously the antibiotic of choice. 

Providencia stuartii. With this exotic opportunistic pathogen 
th~ patients in the Institute of Surgical Research have experienced 
a degree of colonization and of infection without parallel in re
ports from other burn research centers. During the past years, the 
incidence of canp1ete1y resistant strains has increased, although 
the resistance level was very high in the first strains tested. The 
sensitivity pattern obseryed in 1971 is shown in Table 7. Previous 
reports (Lindberg, et al) had pointed out the extremely refractory 
state of Providencia stuartii, so that infections with this oppor
tunistic invader were beyond the reach of any antibiotic. The in
cidence of Providencia in burn wounds, sputum and blood cultures was, 
if anything, higher in 1971 than it had previously been. 

There was little change in the sensitivity levels for Providencia 
in 1969 and 1970. There were, at the 12.S µg/ml level, 3 antibiotics 
that inhibited from 15% to 23% of the isolates tested. However, in 
1970 the sensitivity level dropped abruptly to a negligible degree 
of susceptibility. A comparison of the 1969-1970 and the 1971 sen
sitivity curves is presented in Table 8. The S antibiotics shown 
are those with which continued observations have been made. Ch1or
amphenico1 was dropped and ~pici11in added; neither offered any 
inhibitory action against this organism. 

The number of Providencia strains tested annually has not varied 
significantly. Thus, the number of patients with infections which 
occasion sensitivity testing has not materially altered. But the 
antibiotic resistance, which had previously been regarded as a problem, 
ha boen compounded to a level at which there is no in vitro basis 
for using any given antibiotic. - -

DISCUSSION 

The organisms of major importance in sepsis in burned patients 
in 1971 were, as they have been in the recent past, ~tbfh aureus, 
Pseudomonas aeruginosa and Providencia stuartii. In i tory effect 
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of antibiotics fell noticeably for Staph aureus in this year. There 
was no change, or possibly a slight increase in the nl.11\ber of Ps. 
aeruginosa inhibited by Colymycin and Gentamycin, the only antibiotics 
with impressive degrees of effectiveness. With the ~xtrernely preva
lent Prov. stuartii, there was abrupt disappearance of antibiotic 
sensitive strains. No significant number of isolates were inhibited 
by any of the battery of gram negative antibiotics used. 

There has been a continued drop in the incidenc~ of severe 
infections due to Proteus mirabilis. There has been no increase in 
resistant strains ofl>r;feus; the sensitivity level has remained con
stant for the past 3 years. This situation also prevails for Kteb
siella, which has not shown an increase in resi~tant forms si~ 
t9M. -

Thu~, the prospect of a constantly increasing nl.11\ber of resis
tant strains has not materialized in the burn population of this 
Institute for species including Klebsie11a, Proteus, Escherichia and 
Ps. acrugino~. The resistance level may be relatively high in the 
Tatter species, but it is not increasing. Increasing resistance is, 
however, seen in ftaph aureus and in Prov stuartii. For the latter, 
resistance in 197 was virtually canpTete.Survey of new antibiotics 
for an effective agent is indicated, although such solutions are 
inherently temporary. 
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ABSTRACT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN BI(»otEDICAL SCIENCES 

REPORT TITLE: SENSITIVITY or PSEUDOHONAS AERUGINOSA RECOVERED 
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Investigators: Robert B. Lindberg, PhD 
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Reports Control Symbol MEDDH-288(R1) 

Two hundred and eighty strains of Pseudomonas ~_g_inos~,collec
ted essentially at random from 95 patients who had at least one 
positive Pseudomonas culture, were tested for sensitivity to Sulfa 
mylon. There was a slight rise in resistance to Sulfamylon in 
comparison to the results of cultures in 1970, the median sensi
tivity level was o.125r, in 1971, and 0.108"/4 in 1970 •. However, 
medians for 1968 and 1969 were higher than the 1971 level, and 
no sign of Sulfamylon-resistance was found. A group of strains 
from one phage type, F 3, constituted almost all of the strains 
requiring the highest dose of Sulfamylon for inhibition, and this 
strain persisted in the burn ward for 7 months. No excess of 
clinical illness or indicati~~ of tr eatment failure wa s noticeable 
in patients with the most tolcr unt F 3 strain. Sulfamylon con
tinued to exhibit absence of drug -resistdnce in h aeruginosa 
strains. 

Pseudomonas 
Burns 
Sulfamylon 
Topical therapy 
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SENSITIVITY OF PSEUDOMONAS AERUGINOSA RECOVERED 
FROM BURNED SOLDIERS TO SULFNo\YLON 

Since the development of Sulfamylon burn cream as an effective 
prophylactic for Pseudomonas burn wound sepsis, the possibility of 
the emergence of reshtant Pseudomonas aerugino~a strains has been 
considered. A close and continuing monitoring or the strains of 
Ps aeruginosa recovered from the patients in the burn ward has been 
maintained. Although the drug inhibits growth of other bacteria 
as well as Pseudomonas, the emphasis has been placed on Pseudomonas. 
Without control of this organism, topical therapy would undoubtedly 
permit a recrudescence of burn wound sepsis. The 10% concentration 
of Sulfamylon in the burn cream reflects the relativel y weak action 
of the drug. 

Since relatively tolerant strains would find intervals during 
which a treated patient has a fall in surface concentration of 
Sulfamylon, such strains could produce treatment failure. 

METHODS 

The technic for testing for Sulfamylon sensitivity has been 
described (Lindberg, Calvert, Brame, Dent).1 Dilution of Sulfa
mylon ranging from 0.19¾ to 1.25% in nutrient agar were poured 
in grid marked plates. Inocull.lTI was u drop of 4-hour broth cul
ture with 200 + SO colonies per drop. A 10-3 dilution of broth 
culture wa~ routinely used, subject to confirmation by a control 
plate. The endpoint was a barely visible granul a appearance; in
hibition is reflected in diminished growth over a dilution range, 
rather than a sharp endpoint. 

RESULTS 

Two hundred and eighty strains of Ps aerufinosa from clinical 
(and autopsy) specimens were tested. rnhtbit ng concentrations 
ere presented from 1967 through 1971 (Table 1) . Note that the 
upper limit of tolerance of Sulfamylon remained at 0.625%; t his 
figure has not been exceeded since 1967, when 15 strains which 
tolerated 0 . 625% were found. However, there had been from 1968 
through 1970 a continued fall in the upper limit of tolerance for 
Su famylon. Indeed, in 1970 there were no strains tested which 
re~uir ed as much as 0.625% of Sulfamylon. In 1971, this pattern 
cn~11ged. Seventeen per cent of the stra ins tested required 1.25% 
for inhibition. This percentage was gr~ater than that seen in 1967, 
1968, and 1969. 

The relationship of Sul~~mylon to the sensitivi t y of Ps 
2.:i3 
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aerug;nosa for th;s drug ;s shown in the cumulative sensitivity 
levels for the strains tested. These values are shown in Table 2. 
The total of strains inhibited up to 0.078 µg/m1 had not changed 
markedly from 1970 to 1971. The increase in strains requiring more 
Sulfamy1on for inhib;tion is shown in the totals for 0.156 µg/ml 
and 0.312 µg/ml. This shift was not of a magnitude to suggest 
that the drug would be ineffective against such strains, but it 
was still a significant change in the sensitivity pattern. 

As a means of recognizing the relative susceptibility of groups 
of!!, aeruginosa strains selected on the arbitrary basis of annual 
increment, the median Sulfamylon level, which would inhibit one 
half of the total tested is shown in Table 3. 

Table 3. Median Value of Pseudomonas aeruginosa Sensitivity 
to Sulfamylon 

Year 

1967 

1968 

1969 

1970 

1971 

Total of 5 Years 

No. of Strains 

471 

294 

385 

296 

280 

1726 

Median Inhibitory 
Value (%) 

0.083 

0.136 

0.176 

0.008 

0.125 

0. 119 

The earliest year shown was also the year w;th lowest median 
value. Sulfamylon was, by 1967, well-established as a treatment 
modality. During the 2 follow;ng years the median increased, but 
in 1970 it dropped sharply, and ' the increase in 1971 still gave a 
median well below the 2 highest years, 1968 and 1969. Fluctuations 
obviously occurred on both s;des of the median value of 0.1198"/4 for 
the· entire 5-year period. 

f.!_ aeruginosa strains are differentiated in this Institute by 
phage typing, which has offered a precise and reliable means of 
characteriz;ng individual strains (Latta, Lindberg, Brame, Mason, 
Pruitt). 2 This continuing operation furnishes assurance that the 
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infection pattern of!,,! aeru~inosa has not altered. The population 
of Ps aeru~inosa was sorted or predominant phage types, and these 
wereliste with the sensitivity level 1'i,kh their isolate exhibi
ted. Table 4 sunmarizes the sensitivity distribution for 4 pre
dominant phage types. 

Type 31,119X (Coded F 3) ·, was recovered from 17 patients. 
Thir t y-eight isolates, the entire lot of this type recovered from 
these 17 patients, were assayed for sensitivity. It is apparent 
that the major part of the strains which required 0.625% for inhi
bition were included in type F 3. They were collected from these 
patients between the first admission, Nr. lOS,on 25 May, and the 
last, Nr. 229,admitted IS October 1971. The type was recovered 
through November; one strain was recovered in December. Patient 
incidence was highest from July through November, but there was no 
abrupt peak of incidence which would correspond to a rise in rate 
of cross-infection or unusual persistance of this type. There 
were 4 isolates that occupied a range of sensitivity from 0.312% 
to 0.039%. 

Three other predominant types were similarly assessed. Type 
1214,68,119X, Coded H 3, had sensitivity among 18 isolates ranging 
from 0.312% to 0.039%, with 8 strains inhibited at the 0.156% level. 
In 1970, H 3 was a predominant type, again with inhibition at 
0.156 µg/ml. Type 119X, Coded M 2, was represented in 8 patients 
with one strain each. One strain was inhibited at 0.62S%; the other 
7 ranged from 0.156% to 0.039%. Type 119X, F7, Coded M 4, appeared 
in 7 patients; 14 isolates ranged from 0.312% to 0.078% in sensi
tivity. Thus, only with F 3 was there a loading of sensitivity 
at the 0.625% level. It appeared plausible that this strain was 
perpetuated on the burn ward by cross-infections. 

There was no unusually high incidence of wound invasion due to 
type F 3. Out of 7 deaths there were 6 autopsies of patients who 
had yielded F 3 in culture. Autopsy bacteriology showed burn wound 
sepsis in one, a 20-month-old child with a 54% body surface burn. 
Of the other 5 autopsies, 4 had no significant concentration of 
Pseudomonas in the tissues; one had Pseudomonas in several blocks 
of tissue but the organism was not predominant. The remaining 4 
did not have Pseudomonas in the burn at autopsy. 

DISCUSS ION 

On the basis of several years of monitoring, there has been no 
recovery of a Pseudomonas strain resistant to Sulfamylon. Neither 
have patients who have been under prolonged topical therapy been a 
source of increasingly resistant forms. The appeurance of a single 
t ype F 3, which required 0.625% Sulfamylon for inhibition was the 

2 57 
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most striking example yet seen of persistance over several months 
of a single strain that was at the upper end of the tolerance curve 
for Sulfamylon. In 1970, a distinctive phage type presented a 
group of strains all sensitive at 0.)12 µg/ml. This was the same 
phenomenon as in 1971, but at a lower level. This does not mean 
that all F 3 strains are of necessity Sulfamylon-tolerant. Since 
this attribute persisted in a succession of cultures, the most 
plausible explanation is that the strain, once establ'ished, per
sisted in a series of successive cross-infections. The Sulfamylon 
sensitivity thus served, as did the F 3 type structure, as a recog
nition marker. 

Continued monitoring of Sulfamylon sensitivity is essential 
for effective use of this antebacterial agent. Since no resistant 
forms have been recovered in 7 years of study, it is possibl~ that 
Sulfamylon suppression of Pseudanonas is canparable to the universal 
sensitivity of group A streptococci to penicillin, although the 
suppressive level is very much higher. 
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23. (U) Pseudanonas aeruglnosa Is not only a major lethal threat In burn Infection, 
but an Increasing probl• In nosocanlal hospital Infection. In both these areas, 
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recognition and control. 

24. (U) Phagetyplng syst•, developed In this Institute Is used to type P. aeruglnosa 
Isolates. 

25. (U) 71 07 • 72 06 A •Jor change In source of Incoming strains of P. aeruglnoa 
Incurred with diminished Input fr011 the Vietnam conflict. The nontypable percentage 
sh11ultaneously rose markedly: 4o,. of strains tested were nontypable by bacteriophage, 
using the ISR-developed syst•. Such changes are Inevitable In any typing syst•: 
phage, serologlc, or pyocln. A screening of nontypable strains ylelded several 
lytlc agents, from which two phages are being processed to re-establish• high level 
of coverage for this typing set. 
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23. (U) Pseudanonas aeru,lnosa Is a continuing threat In surface and systemic ln fe~t ions 
In burned soldiers. Def nltlve characterization of this opportunistic pathogen Is 
essential for rational therapy, prophylaxis, and understanding of the mechanisms of 
these Infections. 

24. (U) A phage typing syst• was derived and standard I zed, and has been used 
effectively. The stab I 11 ty of these phages and the spectrum of react I vi ty have been 
perlodlcal ly assessed to be sure of the slgnlflca.nce of the type patterns. 

25. (U) 71 07 - 72 06 Emergence of Increasing nllllbers of non•typable strains 
occurred. The typing set was shown to be s tab 1 e ; thus the non• typab I es represent 
evolutlon•ry changes In this lab lie species. Using lysogeny and phage Isolation, 
nw phages wh I ch tvpe the othen,lse non-typables have been collected. Enhancement 
of titer Is being done, and • series of type Identities of former non•typables Is 
being obtained. 
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Bacteriophage typing revealed a uniquely high proportion of 
nontypable strains which included 40% of the 637 strains typed in 
1971. These were recovered from 121 patients, or 45% of all ad
missions. Out of all admissions, 72% were from the United States 
in contrast to the past 5 years when most cultures came from 
patients injured in Vietnam. This change may be related to the 
high rate of nontypables now being seen. There were 7 types dis
tinguished among the typable strains. Out of the 3 predominant 
types, 38 patients harboring the strain were United States patients; 
only 3 were from patients injured in Vietnam. The persistence of 
phage types from 1970 was higher than had previously been noted; 
out of 7 major types, only 2 had not been present in 1970. One 
of these, F 3, was the most conmon typable strain in 1971; the 
other, B 35, was the least conmon. Septicemic and pneunonic 
strains were distributed by type in accord with the overall pattern; 
no unique invasive types could be differentiated. 

Pseudomonas 
Phage typing 
Bur n wounds 
Topical chemotherapy 
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BACTERIOPHAGE TYPES OF PSEUDOMONAS AERUGINOSA 
FOUND IN BURNED SOLDIERS 

The des;rabil;ty of precise identif;cation of stra;ns of 
Pseudomonas !eruginosa is receiving increas;ng emphas;s ;n many 
hospitals throughout the world as the problem of nosocomial infec
tions with gram-negative bacilli grows. In this Inst-ltute, with 
the major role played by pseudomonads in burn wounds, the approach 
to specific recognit;on of different strains has been the use of 
phage typ;ng. The phage ~et developed here (Lindberg, Latta, 
Moncrief, Brame;l Lindberg, Latta, Moncr;ef, Brame, Mason2) has 
been used successfully to differentiate strains for over 10 years. 
During th;s time the role of~ aerug;nosa has changed as effective 
topical therapy with Sulfamylon has reduced the inc;dence of burn 
wound sepsis to an extremely low level. However, despite the con
trol of th;s syndrome, the incidence of Pseudomonas in burned 
patients has not fallen markedly, and cl;n;cal ;nfect;ons, often 
as part of a mixed flora, are a prom;nent part of the seps;s which 
often occurs ;n burned patients. The type d;fferentiat;on of Ps 
!.!':~ginosa in burn pat;ent~ is presented in this report with some 
indicat;ons of epidemiologic significance. 

METHODS 

The technics for phage typing of Ps }e3u~_;nosa have been des
cribed (Lindberg, Latta, Brame, Moncrief. Cultures from which 
strains were collected included all usual clinical sources, plus 
biopsies and autopsy tissue samples. The str;king decre~se of 
Vietnam casualties which occurred in 1971 altered the source of 
material markedly. 

RESULTS 

! !:'..~_!)mi na".'.!_~~~e !,y,e_es ~- !_271 • 

Th " ., our of patients altered abruptly in 1971. In the 2 
previ ou ~ yea r s , 50% of admissions were injured in Vietnam in 1969, 
ar.d ; JY, i n 1970. In 1971, Vietnam casualties were 33% of all 
a~missions, and the admissions in 1971 were 268, in contrast to 
325 in 1970 and 301 in 1969. During the period of heavy input of 
Vietnam casualties, they offered a constant source of seeding of 
the burn wards, in some groups of 15 admissions, all would be seeded 
with Ps aeru..9i!'osa when they arrived, In 1969 and 1970, out of 
all Vietnam arrivals, 53% harbored Ps !_~r1:1.9.i~~ on the burn when 
they arrived, 

Out of 39 Vietnam arrivals in 1971, 12 were positive for~ 
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aerug;nosa when they arr;ved. Th;s seed;ng rate of 33X ;slower 
than was seen prev;ously. Smaller pat;ent loads and fewer severe 
burns undoubtedly contr;bute to the lessened seed;ng. 

Our;ng 1971, 268 pat;ents were achdtted to the Inst;tute of 
Surg;cal Research Burn Ward. s;x hundred th;rty-seven Pseudomonas 
stra;ns were der;ved from 121 patients dur;ng the year. s;x of 
these were 1970 patients pos;t;ve in 1971. Th;rty-three pat;ents 
were Vietnam evacuees, and 88 were patients from places other than 
Vietnam. Sources of Pseudomonas strains ;nclud~1 the burn wound, 
wound contact cultures, b;ops;es, catheters, bloou, urine, stool, 
and postmortem tissues. 

The predominant phage iypes from this ser;es of Pseudomonas 
strains are listed in Table 1 in order of frequency. Approx;mately 
75% of all strains fell into one of the 8 1;sted categor;es. On 
the left s;de ;s the Phage Type Code designation along w;th the 
specif;c Phage Type to wh;ch ;t refers. Next is the ;nc;dence of 
each phage type (number of pat;ents - number of strains) in v;etnam 
and non-Vietnam patients, and finally the total pat;ents and 
strains. As in 1970, nontypable stra;ns predom;nated in th;s col
lection. The high ;ncidence of nontypabte stra;ns ;s naturally 
very d;sturbing. Efforts are be;ng made, however, to f;nd new 
phages by wh;ch these stra;ns may be further del;neated. Thirteen 
v;etnam pat;ents had 32 nontypabte stra;ns wh;te 51 non-v;etnam 
paHents accounted for 224 strafos. Appro>dmately 40% of alt strains 
were nontypabte. 

31 119x (Phage Ty~ Code F 3). Stra;ns of th;s type, white 
not unfamiliar as a II rn" type, did not predom;nate ;n the 1970 
collection and actually were not observed at all in 1971 until the 
latter half of the year. A very h;gh incidence occurred during 
this per;od. The ;ncidence of this type and the remaining 1;sted 
types in patients was cons;derably lower than was that of nontyp
abte strains. Seventeen pat;ents had 65 stra;ns of Type F 3. 
Strangely, it was found only in non-v;etnam patients. The sudden 
upsurge of stra;ns of this type is typical of what has been 
characterized as a micro-ep;demic. 

Incoming v;etnam patients cannot be designated as the source 
of this strain, since it was not found in this group. In view of 
the fact that less comnon types were detected ;n both patient groups, 
it may be reasonabl) concluded that type F 3 was either non-existent 
or at least was relatively rare in patients from Vietnam. 

119~F 7 ~Phage Type Code M-4). Strains of this type were 
collect ?n970, but only from August onward. It continued to 
occur sporadically in the first 6 months of 1971, but s;nce June 
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1971, only 2 pat;ents have harbored this strain. Type M 4 was the 
fifth in frequency of occurrence in 1970 and increased to third in 
inc;dence ;n 1971. There was thus a real peak of occurrence. It 
was found mafoly in non.,v;etnam patieni.s, of whom 11 were the 
source fnr 85 stra;ns. One v;etnam patient y;elded 2 strains, for 
the hi~hest number of a single type, 87 strains. 

1214168,119X (Phage Type Code H )). Strains of this type 
have been a conspicuous part of the Institute of Surgical Research 
burn patients' flora in previous years. It was the most common 
typable strain recovered in 1969 and in 1970. At that time only 
nontypable .strains were more frequent. It fell markedly in numbers 
in 1971,wh.!n it was he fourth most conmonly encountered form. Th;s 
phage type, had,i n t e past, been found at the time of admission 
on patients injured in Vietnam. During 1971, it occurred only 
dur;ng a 6-month period. This time, 10 patients from various parts 
of the United S~ates harbored it for a total of 28 strains. There 
were 2 Vietnam returnees with 5 strains, fo- a total of 12 patients 
positive with 33 strains. The decline in numbers of Vietnam patients 
may account for the reduced numbers of strains of type H ). 

119X (Phage Code M 2). St rains of this type were the third 
most coomon in 1970, but in 1971, they fell to a much lower inci
dence. In prev1ous years type M 2 wa ~ t raceable to incoming 
patients injured in Vietnam, but in 1971 'it was fo,md in 5 United 
States patients with 7 strains, and in 3 Vietnam returnees with 
5 strains for a total of 8 patients and 12 strains. 

31 (Phage T~pe Code F 12). At one time phage type F 12 was 
numePica11y pre ominant. It was the second most conmon strain in 
1968. It did not disappear completely but has since been a minor 
part of the flora.It was fifth most conmon in 1970 and in 1971, 
siYth. Five non-Vietnam potients harbored 7 stra;ns, and 2 from 
Vietnam, one strain each in 1971. 

68 (Phage Tfpe Code I). This type, which has been detected 
in co11ectionsrom various areas of the United States, was pre
sent in relatively low numbers until 1968 when it wa s the predom
inant type. It has subsequently become~ minor part of the flora. 
It was sixth most common in 1970 and in 1971 wa s the seventh most 
comnon type. Six patients (one from Vietnam) arbor::d a total of 
8 strains. 

Type 7,11~X (Phage Type Code B 3S). This is a relatively un
comr,'IOn type. It was not found at a11 in 1970 and in 1971 was re
covered only during one month (June). Three Vietnam returnees 
harbored the strain, and one patient who was injured in the United 
Stotcs. 
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In sumnary, all the predominant phage types listed for 1971, 
with the exception of 31,119X (Phage Type Code F 3) and 7,119X (Phage 
Type Code B 35), were also found among the predominant types during 
1970. There were minor shiftings in the order of incidence of 
each type. The percentage of nontypable strains doubled in 1971; 
for 1970, the percentage of these strains was 19.4% while in 1971 
it was 40%. · 

Phage Types of Pseudomonas from Blood Cultures of JSR Burn 
Ward Patients, 1971. 

Because of the close association between Pseudomonas bacteremia 
and fatal endotoxin shock, the nature of this complication is of 
particular interest. A close watch is maintained to detect the 
emergence of a particular invasive strain. 

During 1971, 31 strains of Pseudomonas were isolated from 
blood cultures of 21 burn patients. The phage types of this par
ticular collection of strains are given in Table 2. Listed in 
chronologic sequence are the Phage Type Code and Phage Type of 
strains from each individual with the number of strains for each 
patient. In the far right column is given the number of strains 
of each type from each patient. With those patients who expired, 
the patient n1.mber is underlined. In this particular study, only 
3 out of 21 patients with septicemia survived. 

Nontypable strains were the most numerous, 16 strains having 
been found in 10 patients. Strains of Phage Type Code M 4 (119X, 
57) with 7 strains from S patients, were second in prevalence. 
Phage Type Code D93 appeared in 2 patients with 2 strains. The 
remaining Phage Type Codes, A187, C19, D24,F 3, H 3, and M 2 each 
appeared in a single patient with one strain each. The first 2 
listed patients had more t han one type recovered. 

As was found in strains from 
predominated in this collection. 
second most prevalent. This was 
al 1 sources. 

all sources, nontypable strains 
Phage Type M 4 strains were 

the third most coomon type from 

The nontyrable strains could well reflect the hi gh incidence 
of nontypable~ in t1 1f' whole population. With the strains which 
could be typed, the most c0fl1llon types among all strains for 1971 
were F 3, M 4, H 3 and M 2 in that order. There were S patient s 
with M 4, and one each with F 3, H 3 and M 2. The pos sibility 
exists that the M 4 strains were more invasive, but this is not 
established. 
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Table 2. Phage Types of PHudotllonH frOIII 
111ood Cul turea, 197.1 
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Phage Types of Pseudomonas from Postmortem Lung Tissues. 

Increasing importance has been ascribed to pneumonia as a -cause 
of death in burn patients, and a scrutiny of Pseudomonas phage 
types recovered from postmortem lung tissues was made to determine 
whether any particular phage type was associated with the develop
ment of pneumonia. 

Listed in Table 3 are the phage types of 51 strains of Pseudo
monas collected from lung tissues of 17 patients. 

There were 23 nontypable strains of Ps aeruginosa, from 10 
patients. This is the same rate of nontypable strains that was 
found for all strains examined in 1971. Type 119X,F 7 (M 4) was 
found in 3 patients, and 31,119X(F 3) in another 3 patients. Type 
68 (I 1) was found in 2 patients. Three oth,rs had other phage 
types: D 42, F 12, and H 3. Only the latter was conmon enough to 
have been found frequently in the total of cultures for 1971. Four 
patients had nontypable strains as well as typable strains. The 
incidence of P,hage Type Code M 4, F 3 and I 1 is consistent with 
the overall distribution of phage types in the entir~ collection. 
No specific type could be incriminated as being associated speci
ficaJ1y with pneumonia in the burned patient. The situation was 
consistent with the concept of the bacterial component of pneumonia 
as secondary to the pulmonary damage that paved the way for bac
terial involvement. 

Sequential Distribution of Predominant Phage Types in ISR Burn 
Patients, 1971. 

The shifts of individual phage types (i.e, st"ains) of Ps 
aeruginosa in a burn ward population is most readily understood 
by setting down the predominant types by months, as a convenient 
time interval. This incidence pattern is shown in Table 4. The 
phage type (and code designation) for each predominant type are 
listed. The number of isolates and the number of patients positive 
for each type are set down in a box outline. The heavily outlined 
box denotes the nwnerica11y predominant type during that month. A 
double outlined box denotes the next most conm,on type, a single 
line the third most conmon, and dotted outlines indicate the less 
common strains which ordinarl!y occur red in only one patient in a 
month. 

The outstanding feature of interest, and one which calls for 
much further study, was the remarkable upsurge of nontypable strains. 
These strains, which fail to react with the ISR typing set, made 
up 40% of the annual total. Previous years ha~ exhibited nontyp
ables up to 20% of isolates, but 10% to 15% was more typical. The 



2. -8 

Table 3. Phage Types of Pseudomonas from 
Post-Mortem Lung Tfssues~-1971 
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stability of the individual bacteriophage preparations in the 
typing set was initially suspect, although in view of the stability 
of these phages for up t 10 years of constant use there seemed 
little reason to asslM11e that several of them had mutated all at 
once. In any event, the possibility of change in the phages was 
excluded when cross-reaction patterns to confirm phage identity 
were run. This cross-reaction procedure, using each of the 18 
typing phages against 18 propagating strains, has been used to 
monitor the stabi1ity of the ,hages since 1964. The individual 
spectra of activity has not changed as shown by a consistent cross
reaction pattern for each phage (Latta, Lindberg, Pruitt). 

Since the typing system has not changed, the conclusion must 
be that the population of Ps aeruginosa is different from that 
which has been observed over the period from 1962 through 1970. The 
predominance of nontypable strains was reflected in a preponderance 
of nontypable strains in blood cultures, lung and tissue cultures. 
It is ass1.M11ed that there are multiple types, but they must be 
sorted out for the same reasons that~ aeruginos~ re~uired strain 
differentiation a decade ago. 

~nong the t)·pable strains, type 31,119X (F 3) was most numerous. 
It first appeared in June, and rapidly spread to become the pre
dominant type. This sudden incursion of a new type has been desig
nated as a micro-epidemic. Its source was not detected, but it 
was most plausibly present on an incoming patient. This type in
cluded almost all of the strains requiring 0.625% Sulfamylon for 
inhibition. 

Type 119X, F 7 (M 4) was the most conmon type in January; it 
disappeared for 2 months, then reappeared at a lower incidence over 
a 5-month mid-year period. 

Type 1214,68,119X (H 3) was the most comnon type in March and 
persisted on until August. This type was very numerous in 1969 and 
in the first 8 months of 1970; it then disappeared until its re
emergence in February 1971. 

Type 119X (M 2) strains persisted at a low incidence through
out the year; it was most conmon in April together with type H 3. 

Type 31 (F 12) appeared in 7 patients over a 4-month period. 
In 1967 and 1968 type 31 was very numerous and a predominant 
strain in burn infections. After virtually disappearing for 2 
years, it reemerged in a minor role in 1970, and has continued in 
that role since. 

Type 68 (I 1) was found in 6 patients dur i ng a 4-month period. 

2,3 
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Its highest incidence (3 patients) occurred in June. 

Type 7, 119X (B 35) strains .were only found in June. During 
that month they were the predominant typable strain. The strain 
apparently arrived on 2 Vietnam evacuees who were admitted at the 
beginning of the month. The strain appeared to start a rapid 
spread, then stopped abruptly. 

DISCUSSION 

The strain distribution of Ps aeruginosa, as shown by phage 
typing, resembled the patterns established in previous years in the 
presence of distinctive types which would enter the ward population, 
persist for some months in successive seedings of patients, and 
then, in the case of at least 4 types, disappear. Types reappeared 
in 1971 that had been negligible in incidence in recent years. A 
major type, F 3, was predominant for 7 months during which virtu
ally all isolates of this type were uniquely tolerant of Sulfamylon. 
The inhibiting concentration was 0.625% in a population of which 
the median inhibitory level for all strains was O.1250"/o. No specific 
septicemic or invasive types could be distinguished. 

The unique change in the epidemiology of Ps aeruginosa in the 
Institute of Surgical Research burn ward was the appearance of a 
very large number of nontypable strains. This unique development 
was shown to be a function of the strains themselves, not of the 
phage typing set. To recover adequate typing capability, new 
phages, able to lyse these strains, are being sought. Since all 
Ps aeruginosa are lysogenic, the initial attempt is being made 
wfthtemperate phages recovered from strains of the prop'agati ng 
series. Several phages, in the main represented by multiple iso
lates, have been recovered by the serial passage technic. Of 
these, 2 separate bacteriophages offer promise of a range of 
activity that will encompass the untypable strains which are now 
the dominant part of the Ps aeruginosa population. 

The specificity of the bacteriophage typing system is its 
principal virtue. When strains lacking specific susceptibility 
sites appear, this same virtue becomes a flaw that can be sur
mounted only by recovering new phages to cover the refractory 
population. The source of these strains is not known. Clearly 
they arr i ved on the ward with incoming patients from CONUS, but 
there is no obvious reason why such a population should suddenly 
alter its phage susceptibility. It is, however, a biological fact 
to be handled as expeditiously as possible. 
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Infection continues to be a major caust of death in patients who 
have been severely burned. Gram-positive organisms such as Strepto
coccus and Staphylococcus have been controlled with penicillin and 
penicillinase-resistant antibiotics. Gram-negative bacteria are 
still the major offending organisms of infection in burn patients. 
While topical chemotherapy of the burn wound has brought many of 
these gram-negative infections under control, in patients wi h large 
burns sepsis of other than burn wound origin, especially with Pseudo
!!!2~ ~eruginosa, has been extremely difficult to control by a;;
treatment regimen, Studies with the use of heptavalent Pseudomonas 
antigen have shown a direct relationship between antibody titer for 
specific Pseudomonas serotypes and resistance to infection. Vac
cination with the polyvalent Pseudomonas antigen, however, is ef
fective only if given within the first six days postburn. In es
tablished infection or in patients received after the six ~h day post
burn, it would seem that the institution of passive immunity with 
anti-Pseudomonas hyperimmune globulin might be effective in the treat
ment and prevention of Ps eudomonas sepsis whether of burn wound or 
nonburn wound origin in the burned soldier. 

Only 3 patients have rece ived anti-Pseudornonas globulin on a 
life-saving emergency basis. This is :oo small a numbe r for drawing 
any conclusions. Internal problems within the manufacturer's or
ganization have precluded a further supply of g lobulin for this study, 
and accordingly it has had to be suspended . 

Pseudomonas sepsis 
Hyperimmune globulin 
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ABSTRACT 
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From 68 patients, 107 strains of Serratia marcessens were 
collected for phage typing. There were 23 burn ward patients with 
50 strains, and 45 general hospital patients with 57 strains. Seed
ing of the burn ward was less striking with the decr~ase in admi ssion 
of patients fran Vietnam than it had been when most admissions were 
from the Far East, The predominant type in burn patients was 3,5,7, 
11,15,18; in general hospital patients, the predominant type was 5, 
7,11,15, In nPither inc t ance was there evidence of extensive epi
d~~ic spre~d of a given phage type; the Serratia population was 
heterogeneous and was continually reinforced~new strains from 
incoming patien s. The exclusion of a purported Strratia epidemic 
was achieved by use of phag typing. The importance of precise epi
demiologic markers in assessing transmission of nosocomial infections 
is further substantiated. 

Burns 
Serr atia 
Bacteriophage 281 
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BACTERIOPHAGE TYPES OF SERRATIA MARCESSENS 
FROM BURN WOUNDS OF MILITARY PERSONNEL 

The flora of the bur wound is today predominantly a gram 
negative population of Enterobacteriaceae. Probably this pr~domi
nance has been enhanced by the extensive use of Sulfamylon burn 
cream, which selectively suppresses Pseudomonas aeruginosa. Al
though antibacterial ac t ion of Sulfamylon can be demonstrated with 
Klebsiella,Ente~obacter, Escherichia and Proteus spp, it requires 
a high .r concentration than is needed forPseudornonas. The median 
inhibitory concentration may vary from 0.6% to 2%, in contrast to 
a median inhibitory level of 0.12% for Pseudomonas, Evidently the 
enteric bacilli are not inhibited from growing on the Sulfamylon
treated wound. Anong the genera of enteric bacilli which have been 
described, with increasing frequency, as an opportunistic pathogen 
is the genus Serratia. Although it has not risen in incidence in 
recent years in the Institute of Surgical Research, it has, on 
occasion, caused unequivocal burn wound sepsis. Isolates of Serratia 
marces sens (the only species encountered here) have also been shown 
to be capable of producing invasive burn wound sepsis in the burned 
rat model, although such virulence has been erratic and difficult 
to reproduce. 

S. marcessens ha s appeared in an episodic manner, with a flurry 
of isolates followed by di sappearance of the 5train. This capability 
of being rapidly disseminated in a ward population lends urgency to 
the need for a means of recognizing strains a~d tracing their pro
gression through a susceptible population. In general, the experi
ence of the past decade has been one of increasing pathogenicity 
and invasivenes s of gram negative bacilli formerly regarded as harm
less corrrnensals. S.marcessens is an opportunistic pathogen, and 
the extent of its potentialactivity cannot be foreseen. Continued 
surveillance of this species is rence LJeing carried out using a 
bacteriophage typing system developed in this laboratory (English, 
Latta, Brame, Lindberg)l, 

METHODS 

Seven bacteriophages comprise the group used in the typing 
system. These were originally isolated from sewage effluent, The 
procedures follow those de scribed by Adams,2 The typing system has 
repeatedly been challenged with a variety of strains of Klebsiella, 
Enterobacter and Providencia species. No lysis has yet occurred 
with any s train of these cofiforms. 

The cl assi ca 1 brick-red pigmented i sot ates and those which fili 1 

2e12 



25-2 

to manifest this property show no other difference in metabolic 
mechanisms. Since the majority of strains isolated from patients 
in the Institute of Surgical Research have been of the achromogenic 
variety, careful differentiation from other enteric bacilli and 
confirmation of identity is a necessity. 

S. marcessens is a non-lactose fermenter. A small percentage 
of strains may ferment lactose after prolonged incubation. If gas 
is produced from glucose, it is observable only in liquid medium 
containing a Durham tube which contains one small bubble. The 
ability to liquefy gelatin is an important factor in the differenti
ation of other enteric bacilli from Serratia. Gelatin is rapidly 
liquefied by Serratia (24-48 hours); the few Enterobacter cloacae 
and Enterobacte~ aerogenes that possess this capability do so very 
slowly (greater than 5-7 days), while the Hafniae group do not li
quefy gelatin at all. The rapidly gelatin-liquefying Enterobacter 
liquefaciens can be differentiated from Serratia by use of arab1nose, 
a pentose and the trisaccharide, raffinose. All three Enterobacter 
species are fermentors of these carbohydrates, whereas Serrat i a 
does not possess this capacity. 

Or.ce identity ,f Serratia is confirmed, phage typing is accom
plished using the same techniques and methods as are employed for 
Pseuclomonas at this Institute (Lindberg, Latta, Moncrief, Brame)) 

During 1971 the incidence of Serrati 2 was not as high as it has 
been i ~. ;:, evious years. Fifty strains wer'e isolated from 23 patients; 
in 1970 there were 117 strains from 49 patients. 

The first strains were recovered in 1971 on 4 January from 4 
of 8 admissions from Vietnam. There were, during the year, 11 
different phage patterns recognized, plus 6 isolates (from 4 patients) 
which were nontypable, The nontypable rate was thus 12%; in previous 
years it has been in the range of 6%. The number of isolates is not 
great enough to be able to recognize whether this nontypable rate is 
due to new factors appearing in Serratia, or simply variations due 
to a sma 11 sarr -:,; ·.• Further monitoring wi 11 answer this question. 

Phage patterns recognized throughout the year are recorded in 
Table 1. Organization into ascending nl.lTlerical order permits easy 
recognition of groups as a particular phage reaction falls out of 
the pattern, or is replaced by another. Type 3,5,7,11,15,18 was 
predominant both with regard to number of patients harboring the 
strain and the number of isolates recovered. It is of interest that 
this type was the only one in which the number 3 phage reacted. Types 
5,7,9,11,15,18 and 15 were found in 3 patients each, the former with 
7 isolates, the latter with 3 isola tes . 

283 



'fABLE 1. 

Phage Types of Serratia marcescens 
R•r~ve ed fr0tn 2, Burn Patients 

Number of Number of I 
Phage Type Patients Isolates J 

3,S,7,11,15,18 s 11 

S,7,11,IA 2 J 
S,7,9,11,1S, t 8 J 7 
S,9,11,18 1 1, 

7 

11 2 2 
11 , 1 S 2 3 
11,15,IR 1 1 
11 , 1 R 2 s 

15 J 3 

18 1 7 

Nont ypab 1 e 6 

2o4 
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The predominant phage types are seen in a more meaningful rela
tionship if the patterns observed for th~ past 5 years (since the 
system was developed) are viewed. This information is presented in 
Table 2. Type 5,7,9,11,15,18 was predominant in 1968, 1970 and 1971. 
It was found in the greatest number of patients and made up the 
largest number of isolates. In 1969, type 15 was recovered from 8 
patients as opposed to 7 for 5,7,9,11,15,18. 

Type 3,5,7,11,15,18 was t he fourth most comnon type in 1968. 
It almost disa ppeared after that; only one strain was found in 1969 
and none in 1970-1971. In 1972, it has reappeared as a predominant 
type. 

The two predominant phage types for 1971, 3,5,7,11,15,18 and 
5,7,9,1'/,15,18 are shown in detail in Table 3 to convey the trans
mission potential of this organism. The first, type 3,5,7,11, 5,18, 
was recovered .from 5 patients, with 9 strains isolated. It was 
brought in on 4 January on the burn of a patient from Vietnam, with 
3 strains recovered from a leg wound. Three months later another 
Vietnam returnee brought in a strain on his burns and in his urine, 
This strain persisted for at least 2 weeks. Two patients from the 
United States acquired this strain after they were admitted. In 
one, sputum was positive; in the other, an autopsy tissue sample, 
The last appearance of this strain in 1971 was in a patient from 
Vietnam who died with Pseudomonas bacteremia. Although no ante
mortem cultures yielded Serratia, it was found in lung and burn 
WQund tissue samples at autopsy. 

The second most comnon type of 1971, 5,7,9,11,15,18 was iso
lated from 2 patients in January and one in August. One strain w~s 
collected from a Vietnam evacuee on arrival, 4 January. Five days 
later a United States burn patient was found positive, one week after 
his arrival on the burn ward. The plc\usible interpretation was a 
patient to patient transfer of this strain, since his cultures on 
arrival, prior to his "exposure" to the Vietnam carrier, were nega
tive for Serratia. 

Mixed infections, either with more than one type or with a 
type and a nontypable strain, occurred in 4 patients, This sequence 
is sumnarized in Table 4. Patient Nr. 36 initially harbored type 
11,18. On 20 February, thi,; type and a nontypable strain were both 
recovered. The non t ypable ~train may have been acquired after a 
week's residence on the ward. The two strains persisted in subse
quent cultures. Patient Nr. 156 had no Serratia recovered during 
1 i fe, but at autopsy 2 different ph'age types were found in separate 
tissue blocks. A similar sequence occurred with patient Nr. 207 and 
with Patient Nr. 218. 

28~ 
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TABLE 2. 

Comp1rsion of Yearly Predominant Phage Types 

Yeat Phage Type Number of Number of 
Pat i ents Jso11tes 
-3,S,7 , 11,15,18 5 11 

1972 
* 5,7,9,11,15,18 3 7 

5, 1, 9, 11 , , 5,, e,·, 10 29 

1971 S, 7,9,15,18 8 9 

15 A 13 

S , 7 , 9, 11 , 1 5 , 1 8'~ 10 19 

1970 
5,7,9,IS,18 ,. ,. 
7 ,9, 1 S 7 5 

15 s 5 

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

1969 
5,7,IS 7 7 

11 , 1 S 7 16 

15 8 16 

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

3,5,7,11,15 5 21 

1968 3,5,7,11,15,18 5 7 
... t 

5, 7,9, 11, 15, 18 12 21 

11 5 5 

*This type w1s among predomi nant each year, though in 1 

s i9nlfic1ntly less number of p1tf.,-it1 In 1972 
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TAIILE ,. 

0tstr lbutton of T-, Predollltnent Serrett• 111erce1cen1 
Type1 tn t.he JSR Burn Verd, 1971 

et ent ete ource ..... , laoleted 

3 1-Jt-71 1-Jt-21) Leg 

39 3-8-71 3-9-27 Urtne 
3-9-29 I.thigh 
3-9-31t Lo leg 
3-22-1, •• pe1 .. , 

surfece 

112 9-lt-71 11-20-Jt Sput1a 

207 ,-21-11 9.2 ...... A# 10 

211 10-11-11 10-21-25 A# 11 
10-21- LUL 

• en Dete .._.., Isolate Source 

1 1-2-71 1.9.5 A,. 

6 1.lt-71 1-•-22 Ch•t 

16) 1-lf•71 1-15-6 1.,c~ ., .. 
1-15•7(1) R. hand 
1-16-15(2) ·L. forea,. 
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Patients injured in Vietnam accounted for one-third of the 
patient population in which ~erratia was found. Surveillance of 
patients admitted from Vietnam ~kto harbored Serratia is recorded in 
Table 5. Half of a group of patients admitted 1-4-71 harbored 
Serratia in their burn wounds as ascertained by contact cultures. 
Three phage types were distributed in that group of patients. A-nong 
these were 3 isolates of the type that proved to be predominant 
during the year. 

Two patients transferred from Vietnam were admitted harboring 
type 15. Type 15 appeared again in a follow-up contact culture from 
a patient injured in Vietnam 7 days following his admiszion. 

Type 3,5,7,11,15,18 was found on admission from patient Nr. 39 
who was injured i~ Vietnam; isolates were cultured from burned areas 
of the thigh and leg and from urine. Subsequent contact cultures 
showed the type to persist. 

Another patient from Vietnam brought type 11 into the ward at 
his admission. Serratia was cultured from burned areas of the thigh. 
The type was seen only once again in another patient at autopsy. 

Chronologically, the last patient from Vietnam from which 
Serratia was isolated was in October 1971. At autopsy type 3,5,7, 
11,15,18 was found in tissue specimens from the lung and burn wound. 
Another tissue specimen yielded a nontypable isolate. There had 
been no antemortem cultures positive for Serratia. 

For the first time since phage typing was begun, the major 
portion of Serratia marcessens strains were found in patients admit
ted from the United States rather than Vietnam. Two dominant types 
emerged, while the remainder of the types were seen sporadically 
throughout the year. This pattern is typical of the genus Serratia 
as it has been observed here. Predominance of a type has not yet 
appeared to pose a threat of epidemic proportion. The increasing 
incidence of Serratia found in autopsy specimens, both of burned 
tissue and viscera,has been noted. The unpredictable character of 
the organism with reference to its potential for epidemic spread 
merits continued cl~se study utilizing the bacteriophage technique. 

Phage Typing of Serratia from Brooke General Hospital, 19lL• 

During 1971 an increase in cultures of S. marcessens f r om the 
patients in Brooke General Hospital prompted-concern that an epidemic 
of Serratia might be present. After a consultation, the strains 
collected by the hospital laboratory were sent to our laboratory for 
phage typing, in order to determine whether an epidemic was indeed 
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occurring. This was the first opportunity to test the phage typing 
system on a set of strains from an outside installation. 

From ~s patients, 57 Serratia strains were recovered. Ten 
strains were from patients ,none hospital building; the r emaining 
47 strains were from patients in another hospital building. Typing 
was done by the procedures developed in our laboratory. 

Table 6 sl.fflnarizes the findings on strains collected from 22 
separate ward areas. Ward 42-H (General Medical) produced the 
largest collection of strains. Twelve Serratia were recovered from 
8 patients. Type 11,18 was found in the urine of 2 patients. Two 
other patients each had a nontypable strain. But every remaining 
patient had a type unique to himself on this ward. Thus, there was 
no evidence of transmission of one type to several patients. 

Ward 12-A had two patients positive with the same type, S,7,9, 
11,18. These were both urinary tract strains. No ot~er isolates 
app ared from this ward. 

Ward 43-E had 2 strains from the blood of a patient with sepsis. 
These were both type 5,7,11,lS. Three other patients had isolates 
each of a distinctive type. On 43-E ICU, 2 cutdown site isolates 
were of ~he same type; another patien with a positive urine had a 
distinctly different type. This diversity of types within individual 
areas refuted the idea of an epidemic spread of a single strain; each 
of these isolates was epidemiologically a distinct entity. 

Table 7 shows the n!Atlber of different phage types and their 
distribution throughout the hospital. Note that nontypable strains 
were isolated, one each from 7 differ~nt ward areas. Type S,7,11,15 
was 'found on 6 different wards with 8 strains recovered. One of 2 
wa : ds in which 2 patients r ,~ried a single type was 12-A, '°"ere each 
of 2 patients had a type. _1,11,18. The second was Ward 42-H, 
where 2 patients each had · e 11,18. All the other types were 
scattered throughout the ward in small numbers for each locus. 
Absence of multiple infections with any one type fur her refuted the 
picture of~ Serratia epidemic. 

DISCUSSION 

The initial request for aid i n characterizing these strain3 wa s 
couched in terms indicating that the Hospital Infections Comnittee 
reg rded the presence of a high rate transmission problem, if not a 
frank epidemic, an established fact. Indeed, if one contemplated the 
rate of ~ecovery of S. marcessens during brief periods in the hospital 
as a whole, this was-a conv1nc1ng picture. But precise strain typing 
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25-13 

correc ted this illusion. There was not an epidemic, but instead a 
low, steady rate of input of Serratia infections from a wide variety 
of sources. These were most plau~ibly fecal carri ers , and probabl y, 
in some instances, the source was t.ndogenous. But th ,1 critical point 
is that these were 19 different types, not a single transmissible 
strain. 

The ability of t he Institute of Surgical Research typing set 
to differen t i ate between strains in detail validated further the 
stability and sensitivity of thi 5 phage typing system. There are 
all too few nosocomial infecting agents in whi ch this differentiation 
is possible. Its use should be continued. 
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ABSTRACT 

P OJECT NO. 3A061102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: CELL MEDIATED IMMUNITY IN THE EXPERIMENTAL BURN -
A LABORATORY ANALOGUE OF CHANGES OCCURRING 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 1971 - 30 June 1972 

Investigators: Karl Eurenius, MD, Major, MC 
Richard F. Mortensen, MS, SP 5 

Reports Control Symbol MEDDH-288(R1) 

It is a well-established clinical impression that cellular 
immunity is suppressed after thermal injury. Cutaneous anergy 
and skin graft tolerance have been demonstrated in laboratory 
animals following such trauma. We have examined the response of 
draining rat cervical lymph node lymphocytes to phytohemagglutinin 
(PHA) after infliction of a 30 per cent third degree scald burn. 
At ne. hour and one, 4, and 10 days post injury lymphocyte suspen
sions were established in medium 199 with 20"/4 heat inactivated 
fet~I calf serum at a concentration of 1 x 106 cells per ml. Cells 
wei·e incubated at 37° with and without optimal PHA (Di fco PHA-P) 
and harvested 48, 72, and 96 hours after culture, following a 16-
hour pulse of tritiated thymidine (1 microcurie/culture tube). 
Results indicate increased basal thymidine incorporation at 4 and 
10 days post injury and a marked enhancement in the PHA response 
in these same cells. This enhancement was not associated wi th 
changes in cell viability, endogenous corticosterone levels or the 
addition of sera from burned rats to the cultures. Electronic 
particle sizing analysis indicated an increase in mean cell volume 
of lymphocytes from the 4 and 10 day post injury populations due 
mainly to the appearance of a population of large cells. We be
lieve these results are most compatible with either increased cell 
growth of the original node population or the immigration of PHA 
sensitive cells. 

Delayed hypersensitivity in burns 
Lymphocyte transformation 
Inmuni ty 
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CELL MEDIATED IMMUNITY IN THE EXPERIMENTAL BURN -
A LABORATORY ANALOGUE OF CHANGES OCCURRING IN BURNED SOLDIERS 

Knowledge of the status of delayed hypersensitivity in the 
burned ~ubject is crucial, because this defense mechanism is 
challenged by the many pathogens and grafts to which the subject 
is exposed during both his acute insult and chronic convalescence. 
It is g,Jnerally believed that cellular inmunity is suppressed 
during this period. The clinical impression exists that skin 
graft tolerance is increased following burns while cutaneous anergy 
has been demonstra ted in guinea pigs after burn injury. The effects 
of a burn on host lymphocyte function are not yet clear. 

We have studied the response of rat lymph node lymphocytes, 
removed from burned animals at varying periods after injury, to 
the mitogen phytohemagglutinin (PHA). Included in this study are 
basal and PHA stimulated DNA synthesis, cell sizing, and serum 
and corticosteroid effects. 

METHODS 

Sprague-Dawley rats were inflicted with a 30% third degree 
scald burn under pentobarbital anesthesia. Cervical l)'fflph node 
cell suspensions were prepared from animals 1, 24, 96, and 240 
hours after injury, and from control, unburned animals. Cell counts 
were performed, and suspensions cultured for 24, 48, or 72 hours 
in the presence or absence of phytohemaglutinin (PHA-P, Difeo} 
0.01 ml/ml culture. Tritiated thymidine (H3Tdr) incorporation by 
the cells was measured in all cultures following a 16-hour pulse 
label, by liquid scintillation. Cell sizing was performed with an 
electronic particle counter, and cell viability by trypan blue dye 
exclusion. 

RESULTS 

1. Suspension celi viabil cy was not affected by burn injury 

2. Lymphocyte mean cell volume increased by the fourth post
burn day, and returned to normal by the 10th po~tburn day. 

3. H3Tdr incorporation (DNA synthesis) increased in proportion 
to cell size changes in non-PHA cultures. 

4. H3Tdr incorporation (DNA synthesis) increased in excess of 
cell size changes in PHA-stimulated cultures. 

CONCLUSIONS 
298 
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The response of lymphocytes to PHA includes protein synthesis 
and mito~is. The degree of response has been used as a measure 
of the general status of delayed hypersensitivity. That PHA trans
formation is increased in the burned rat is of considerable inter
est. First, the possibility exists that either a new population 
of l)'fflphocytes, normally more sensitive to PHA, enters the drain
ing lymnh node, or a depletion of PHA insensitive cells occurs 
after thermal injury. Such migration studies have not been done. 
Second, it is possible that lymphocytes from the burned subject 
are, because of mechanical or enzymatic damage, more susceptible 
to the cytotoxic effects of PHA and other nonspecific agents, but 
less capable of response to a specific antigen. Third, the possi
bility exists that such cells are ilml.lnologically paralyzed by 
newly formed antigen from the burn, and that P! IA acts in this 
setting as an adjuvant. Finally, it is possible that the burned 
rat has an intact or hyperinmune response which is reflected by 
these data. The increa~~s in cell size and bJsal DNA synthesis 
observed in these expe•: imenb are consi stcnt with al 1 of these 
possi bi 1 i ti es. 

Until the influence of burn injury or stress upon the complex 
inmunologic mechanisms of the host are better understood, or until 
the relationship betwee the PHA response and the specific cellu
lar ilml.lne response is clarified, no further conclusions regarding 
the significance of this response can be drawn. 
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ABSTRACT 
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Question of the minimum concentration of Sulfamylon in burn 
cream which could control Pseudanonas burn wound sepsis has been 
raised due to desire to make a less painful formulation when applied 
to second degree burns. Orie report on an animal trial stated that 
5% Sulfamylon equalled 10% in preventing death in the seeded, burned 
rat model. A re-investigation of this question was made; 7 challenge 
strains, highly lethal for untreated animals, were used to give a 
broader indication of range of therapeutic effectivene$S• Survival 
ranged from 8.9% with the most lethal to 68% for the least lethal 
strain. Parallel values for 10% Sulfamylon were i0% and 100%. A 
definite therapeutic effect was exerted by 5% Sulfamylon, but as 
shown in the developmental stage for th · s drug, it was not as 
effective as the 10% cream. 

Pseudomonas 
Sulfamylon-Sulfadiazene 
Burn wound 3 2 
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DEVELOPMENT OF PROPHYLACTIC TOPICAL THERAPY FOR USE ON BURN WOUNDS 
OF MILITARY PATIENTS: SEARCH FOR IMPROVED FORMULATIONS 

Topical Sulfamylon burn cream, 10%, is now an accepted clinical 
method, and is in world-wide use. Continued interest in improved 
formulations for controlling burn wound sepsis has been evident, 
and comparative studies using the Institute of Surgical Research 
burned, seeded rat model have been called for. The origin.,1 Sulfa
mylon therapy was developed with the objective of having a ~~ra 
peutically effective agent present on the wound. The determination 
of the maximally effective concentration of Sulfamylon was made 
in 1962 and 1963 on the burned rat model and the 10% concentration 
of Sulfamyton HCl was selected. Lower concentrationa, while effec
tive in controlling infection in the burned, seeded rat, stilt per
mitted some deaths that could be prevented by use of a 10% con
centration (Lindberg, Moncrief, Mason).1 A factor that has become 
of concern since the use of Sulfamylon topical therapy became wide
spread is the transient pain that accompanies applicatinn of the 
burn cream to areas of partial thickness burn (Moncr;ef, Lindberg, 
Switzer, Pruitt).2 This effect was noted as soon as clinical 
experimental trials were under taken in this Ins t itute, but was 
not considered a problem of consequence in view of the major prob
lem of controlling invasive burn wound sepsis. Pain is primarily 
a problem in second degree burn areas, lasts usually 20 to 30 
minutes following application and in 6 to 10 days postbur~ the 
heating process results in marked decrease in severity of pain. 
However, with more widespread use, the pain factor has occasioned 
complaint and re-consideration of use of a tower concentration of 
Sulfamylon has been urged. The 10% concentration is painful in 
part because of it hypertonicity; a 5% concentration would be more 
b~nign. A recent report stated that a 5% concentration was as 
effective as 10% in preventing invasive sepsis in the rat using a 
single challenge strain. The original derivation of the 10% Sulfa
mylon burn cream formula compared all strengths from 2% up to 14%; 
and 5% cream, although it was effective in controlling Pseudanonas 
burn wound sepsis in the experimental animal model, was less effec
tive than the 10% strength. However, another study of the 5% cream 
in the acetate form was made to assess the validity of the pro
posal that burn wound care could safely be done with 5% Sulfamylon. 

MATERIALS ANO METHODS 

The exp rimentat wound and treatment method have been described 
previously (Lindberg, Brame, Moncrief, Mason).3 In this series, 
thfi 20% ~cald burn (10 seconds) on the 200 gram rat was seeded with 
10 P~P.udomonas aeruginosa at 90 minutes postburn. Treatment began 
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24 hours later with topical application of 3.S gm of the indicated 
cream, applied once daily. (The lessened protection of once daily 
treatmen t was reflected in increased mortality over twice-daily 
treated animals). Treatment was continued for 10 days. Seven 
different strains of Ps aeruginosa, varying in virulence, were 
used as challenge organisms. 

RESULTS 

The challenge of the burned rat with S different strains of 
Ps aeruginosa, and the effect of S% Sulfamylon acetate on the 
doath rate, is shown in Table 1. The effect on survival was least 
noticeable with the extremely virulent strain VA 134. Ninety~one 
per cent of the treatedd animals, and 98% of the controls, died. 
At the other .extreme, strain 12-4-4 killed 81% of the ontrols, and 
32% of the treated animals. With strain 3-24-S, as wi t , VA 134, 
the difference i n survival rates was not sign;ficant. With 
strains S-23-8 and 8-28-3, significant increases in survival rate 
occurred. 

Retrospective comparison of 10% Sulfamylon acetate cream, which 
had been studied extensively in 1966, indicated the rela t ive sur
vival potential of the S% and 10% compound (Table 2). The compari
son with 3 strains reflects the pattern with other challenge strains: 
10% Sulfamylon acetate S3Ved more animals than S% Sulfamylon ace
tate. With the extremely virulent strain VA 134, few survived on 
the on-treatment per day schedule. If 2 treatments per day were 
used, survival rates for strain VA 134 could be as high as 80%. 

The behavior of Sulfamylon acetate and Sulfamylon hydrochloride 
in treating experimental burn wound sepsis was scrutinized carefully 
at the time when the relative effectiv~ness of these two drugs was 
being compared (Lindberg, Moncrief, Brame, Mason).4 Since, at the 
10% cnncentrati~n, the relative merits of introducing the acetate 
as opposed to th~ chloride radical were weighed against the rela
tive effectiveness of the 2 forms in controlling sepsis, the de
cision was made to use the acetate. However, at S% concentration, 
the halving of the ch loride input makes it once more pertinent to 
consider whether a S% hydrochloride form migh t merit consideration 
in therapy. Five per cent Sulfamylon acetate and S% Sulfamylon 
hydrochloride were made up in the water-dispersible base used for 
compounding topical therap~tic formulations in this laboratory 
(Lindberg, Moncrief, Mason) and were tested in parallel. The 
re,ults are s1.111narized in Table 3. 

It was evident that the survival rates were higher with S% 
Sulfamylon hydrochloride than with S% Sulfamylon acetate. The 
survival rates with strains VA 134 and 8-28-3 were not statistically 
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R~lat;ve Survival Rates of Burned Rats Seeded w;th Str1;ns 
of Pseudanonas aeruH;nosa and Treated wi th 10% and S% 
Sulfamylon Acetate urn Cream 

Challenge 
Strain 

Dru~ and % of Challenged Rats Surviving 
10% Sul am1lon Acetate S% Su1famy1on Acetate 

12-4-4 

8-28-3 

VA 134 

,. 

96.2 

82.4 

1 o. 1 

79.2 

60.0 

4.2 
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different with the 2 drug forms; they were highly significant with 
strain 12-4-4. The differences were always in the direction of 
increased survival with the hydrochloride form. 

A further comparison between 5% and 10% Sulfamylon acetate, 
using drug preparations from Sterling Laboratories, was made with 

·6 strains of!_! aeruginosa. In this series, each strain was 100% 
virulent. Results are sumnarized in Table 4. 

Here again, although the groups were small, the overall survival 
was greater with 10% than with 5% Sulfamylon. 

DISCUSSION 

The indications are that 5% Sulfamyl~n acetate could be effec
tive in reducing Pseudomonas burn wound sepsis, but that it would 
be less effective than the 10"/4 preparation. However, there are 
limits to the level of extrapolation possible from animal to hllllan 
conditions. It is not impossible that the 5% cream would serve 
adequately to protect burn patients from invasive sepsis. It would 
appear desirable that the comparison, if it were attempted, would 
include detailed monitoring of surface colonization and invasion 
as detected by serial biopsies. The strong possibility is present 
that a more dilute treatment than the 10% burn cream could signifi
cantly increase the risk of burn wound sepsis. The data presented 
herein has discouraged the inauguration of a clinical trial. 
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Table 4. Comparison of 5% Sulfamylon acetate (Sterling) and 10% 
Sulfamylon acetate (Sterling) in Control of Experimental 
Pseudomonas Burn Wound Sepsis 

Challenge Treatment and Deaths/Total 
Strain 5% Su11amylon Acetate lo~ Sul1amylon cetate Controls 

VA 134 6/7 '?.. /7 6/6 
~ 

, '.:111 12-4-4 3/7 6/6 

5-23-8 4/6 • 4/5 5/5 . . 
9-30-11 6/6 4/5 5/5 

4-18-9 6/7 2/7 6/6 

3-24-5 5/7 2/6 5/5 

Total of all strains 30/40 15/37 33/3, 

Mortality rate 75% 40.5% 100% 
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ABSTRACT 
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REPORT TITLE: FIVE PER CENT AQUEOUS SULFAMYLON SOAKS USED IN 
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Ten per cent Sulfamylon acetate burn cream as a topical agent 
is applied to the wounds of burn patients to contrcl the bacterial 
population. During the later sta~es o.f eschar separation, where 
residual eschar Is interspersed between areas of open granulation, 
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 homograft. To fill this thera
peutl~ void, 5% Sulfamylon acetate solution soaks have been applied 
to such wounds in order to facilitate debrldement of the residual 
nonviable tissue by mechanical action of soak changes while main
taining some element of bacterial control within the burn wound. 

Burn 
Eschar separation 
5% Sulfamylon acetate solution 
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FIVE PER CENT AQUEOUS SULFAHYLON SOAKS USED IN 
TOPICAL TREATMENT OF BURNED SOLDIERS 

Eighty patients ha~e been included in this study using 5% 
aqueous Sulfamylon soaks. The burns have ranged between 5% and 
7<1'/o of the total body surface with the majority of the wounds 
being third degree in character. No more than 20% of the body 
surface Is included at one time in a dressing. 

The 5% Sulfamylon acetate solution is applied to wounds which 
have been wrapped with coarse-mesh gauze and 4x8-inch sponges. The 
solution is appl led to the dressings every 3 to 4 hours and the 
dressings are changed every 6 to 8 hours. Records are kept of the 
patient's age, weight, height, the extent of the burn (both total 
and full thickness) and note has been made of the occurrence of 
any skin rash indicative of hypersensitivity which is known to oc
cur in approximately r1o of the patients treated with Sulfamylon 
burn cream. Occurrence of skin rash necessitates treatment with an 
antihistaminic and if such is ineffective In controlling the rash, 
Sulfamylon soak therapy is discontinued. Hyperventilation is 
recorded and a weekly CBC is obtained. The burn wounds are moni
tored dally and any evidence of bacterial overgrowth recorded and 
documented. Rapid bacterial proliferation is cause for re
institution of Sulfamylon burn cream therapy. 

White blood counts with differentials and hematocrits were 
followed biweekly during treatment. At no time was the white 
blood count depressed, No fall in hematocrit was attributabl(: 
to use of the 5% Sulfamylon acetate soaks. 

Hyperventilation which has been reported in treatment of burns 
with topical 1<1'/o Sulfamylon cream was not noted in any patients 
treated with the 5% acetate soaks. Strikingly less cutaneous 
pain has been noted with the 5% soaks as compared to the 1~~ cream 
when applied to comparable bu rns. 

Wound cultures were obtained prior to the use of the 5% 
aqueous Sulfamylon acetate soaks and biweekly thereafter. Al I 
wounds had been previously treated with topical 10°/o Sulfamylon 
cream. The re was no significant change in the bacterial flora of 
the wounds. Common organisms isolated were Staphy!ococcus aure_us 
coagulase positive, Providencia stuarl:ii, and Pseudomonas aerugi_no~~
At no time did Pseudomonas burn wound sepsis develop during treat
ment. Allergic reactions as manifested by an erythematous rash 
were noted in 16.8% of the patients. Anyone known to be allergic 
to sulfa drugs was excluded from the s tudy. Patients developing 
a rash characteristic of a sulfa allergy were treated with an 
antihistaminlc such as benadryl which usually controlled this side 
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effect, and If such treatment proved to be unsatisfactory, the drug 
was discontinued. This unexpectedly high lrictdence of apparently 
related skin rashes ls being more closely scrutinized. 

SUMMARY 

Five per cent Sulfamylon acetate soaks have been found to be 
a safe, useful variant of topical chemotherapy of t~e burn wound. A 
surprisingly high Incidence of cutaneous hypersensitivity is of 
little apparent significance clinically, but Is potentially limiting. 
Debrldement of residual nonviable tissue from burn wounds Is has
tened by use of the soaks after the bulk of the eschar has separated. 
Bac'terial control with the 5% soaks is less than with the 10°/o 
Sulfamylon burn cream, but the bacterial density remains at c1inl
ca11y safe levels. This 11 l lmlted11 bacterial prolfferatlon recommends 
limitation of soak application to limited surface areas, i.e., no 
more than 20°/o of the total body surface at any one time. 

PUBLICATIONS AND/OR PRESENTATIONS 

None 

I 
' -

314 



1c1 ··- 1.NTSW-- 1---IISIAll0I Al9 TICIINDLGGY IOII INT SUIUIY DA OE6950 72 07 01 DD-Olt.a(A lt)Hf 

a.en•-..,.., •-w- .. _ .. ICT ... r--,T ··---- r--., ... ~ _ ,.,,oc ;;;..-· r .......... -
IO.COMPLET I~ u u NA NL 

., ____ 
,,.. •- ._ __ 

..... ,CONI,• 
____ .__., 

-,SCT- TAalAIISA-

__ .,_ 
·- 61102A 1A061102B71R 01 080 ._ ___ 

:;1ij1~:i::I1iiJi~~~t!t~~1;::;:l::lmtI~m:;:~ttt::1:~im~1=; ·-.,--1,.n.,._•,--- .. • - lUJ :iubeschar Anti biotic Infusion to f'revent Burn wound 
Invasion In a Laboratory Hodel Simulating Burn Patients (44) 
~ -TlftC Me --CAI.•-

003500 Cl lnlca1 Medicine 

1•-- -·--· -·- r·- -72 04 - --·- 1••P-·- ,- ·-·-71 11 DA I c. In-House 
,... 

NOT APPLICABLE -.-1•~-a-TS ·-· .......... ...... ___, 
a eaT91,111,,wcn- ··-- 72 o.4 13.2 .. _.,. -·- ·-·· ..... ·--.. -.... - f,CUM, AMT, 73 0 0 .. - I .. ·-··- I I 
---US Array Inst I tute of Surgical Research •-,.us Army Institute of Surgical Research 

C11nlc:a1 Division 
___,.Ft S• Houston, Tx 78234 .__.Ft Sam Houston, Tx 78234 

_,, ... __ .,,.,..,.., __ "•· .. •-...--. _,... __ __ ,. 
Wllllam F Hc:Hanus, Maj, HC ·- Bas I I A Prul tt, Jr, COL, HC .,..._., 512-221-3301 .,..._ 512-221-2720 

_ ... __ ., .. _.,_., 
... -- ~ ..... _.,..,._ 

FOREIGN INTELLIGENCE NOT CONSIDERED ·- Paul SI lversteln, Maj, HC ...... Arthur D Mason. Jr, HD DA _____ , _____ __..,. -(U) Burn Wound Seps Is; (U) Subesc:har Infusion ___ .,.,,._ .... ____ ,_, .. _,....... ______ ., _____ ,._. _, 
23. (U) To evaluate the efficacy of subesc:har antibiotic: Infusion In the prevention 
and treat:lllent of burn wound sepsis In the laboratory animal burn model as a poss Ible 
treatment for burned soldiers. • 

I 24. (U) Two burned and 17 Sprague-Dawley rats were used. Fifth rats were antibiotic: 
controls and 167 rats were given a 20% scald burn and Infected wl tt, a lethal strain of 
Pseydo.,nas aeruglnosa1 Twenty-seven rats were Infection controls and received no 
antibiotics. Thirty rats received ca rben I c: 1111 n , 2l0 gentamycln, 20 neomycin and 20 
co1 lstln subesc:har dally for 10 days. Ten burned 11,fec:ted rats received c:arben I c: 1111 n 
subcutaneous 1 y, at • distance from the burn wound dal 1y for 10 days, ten were given 
c:a rb-, I c: l 111 n Intravenously and 10 lntr11perl tonea11y twl c:e dally for 10 days. 

25. (U) 71 11 - 72 04 We found no un I que ad,•antage In the subesc:har route of 
Injection of antibiotics In • reproducible animal burn model. Only c:arbenlc:I I I ln was 
effective In reducing mo~t•llty 1nd this effect appeared to be Independent of route 
of aclmln Is trat Ion. 

----- --- _, 

DD,::: 1,11 "IIIIYtOUe aDITION0 01' TMI0 1'0- Alla OelOl.aT • . DD 1'0- 14MA, I NOY H 
ANO .... , , , IIIAIII H 11'011 A_., uoa, AIII •• _._ • ., • • • 



29-i 

FINAL REPORT 

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

REPORT TITLE: SUBESCHAR ANTIBIOTIC INFUSION TO PREVENT BURN 
WOUND INVASION IN A LABORATORY HODEL SIMULATING 
BURN PATIENTS 

US A"'1Y INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SN-1 HOUSTON, TEXAS 78234 

July 1971 - 30 June 1972 

Investigators: 

Wi11iaffi F. HcManus, HD, Major, HC 
Paul Silverstein, HD, Major, HC 
Harrel L. Walker, HS 
Arthur D. Mason, Jr., HD 
Basil A. Pruitt, J~, HD, Colonel, HC 

Reports Control Symbol HEDDH-288(R1) 

UNCLASSIFIED 

316 



29-11 

ABSTRACT 

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

REPORT TITLE: SUBESCHAR ANTIBIOTIC INFUSION TO PREVENT BURN 
WOUND !NVASION IN A LABORATORY MODEL SIMULATING 
BURN PATIENTS 

US Army Inst;tute of Surg;cal Research, Brooke Army Med;cal Center, 
Fort Sam Houston, Texas 78234 

Per;od covered ;n this report: 1 Ju1y 1971 - 30 June 1972 

Invest;gators: Will;am F. McManus, MD, Major, MC 
Paul s;1verste;n, MD, Major, MC 
Harrel L. Walker, MS 
Arthur D. Mason, Jr., MD 
Bas;l A. Pruitt, Jr., MD, Colonel,MC 

Reports Control Symbol MEODH-288(R1) 

The subeschar ;nfusion of ant;biot;cs has been proposed as an 
effect;ve method to prevent and treat burn wound invas;on. One 
hundred and s;xty-seven Sprague-Dawley rats were g;ven a 20% scald 
burn and w;thin one hour postburn wer • ;nfected w;th a broth cul
ture of an LD100 of Pseudomonas aeruginosa. Infect;on controls 
received no antibiotics. All antib;otic controls surv;ved and 
all infection controls died. All burned, ;nfected animals rece;ving 
subeschar carbenic;llin survived and those rece;ving colistimethate, 
gentamycin and neomyc;n di ed. All burned infected animals rece;v,ng 
subcutaneous carbenicillin at a distance from the burn wound sur
vived. Sixty per cent of burned ;nfected animals receiving single 
daily intraperitoneal carben;cillin inject;ons d;ed. Thirty per 
cent of the burned infected an;mals rece;ving carben;cill;n in 
divided doses twice daily intraperitoneally d;ed and 30 per cent 
of those animals rece;ving single daily doses of carben;c;11;n ;ntra
venously died. Subeschar infusion of antibiot;cs with the excep
tion of carbenicill;n failed to protect the animal from death via 
burn wound invasion. Subeschar carben;cillin d;d protect the 
animal, however, when given the same antib;ot;c subcutaneously at 
a distance from the burn wound, pro t ected the an;mal equally well 
and it was felt t hat it was the function of this antib;otic, not 
the route of; ject;on,that protected the animals. 

Burn wound sepsis 
Subeschar ;nfusion 
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SUBESCHAR ANTIBIOTIC INFUSION TO PREVENT BURN WOUND INVASION IN A 
LABORATORY HODEL SIMULATING BURN PATIENTS 

H;storically bacter;al ;nvas;on of v;able subeschar t;ssue was 
the major cause of sept;cem;a and death in burn patients. Effec
t;ve topical chemotherapeut;c agents have s;gn;ficantly reduced but 
not el;minated the occurrence of burn wound sepsis. Subeschar ;n
_fus;on of ant;biotks has been proposed as a techn;que to prevent 
and treat burn wound ;nvas;on (Baxter).1 This route of administra
t~on has a theoretical advantage of del;very of a h;gh concentra
tion of ant;b;ot;c solut;on d;rectly into and beneath the burn 
woun~ wh;ch because of thromboses may be ;naccess;ble to systan;c
ally admin1stered ant;b;otics. The effectiveness of subeschar 
ant;b;ot;c ;nfus;on has been evaluated ;n a reproduc;ble animal 
bu-n model. 

One hundred eighty-seven Sprague-Dawley rats weigh;ng 180-210 
grams were anesthetized with intraperitoneal pentobarbital. Twenty 
rats served as antib;otic controls, 5 rece;ved carbenicill;n, 500 
mg per kg, 5 col;stimethate, 5 mg per kg, 5 gentamycin, 5 mg per 
kg, and 5 neomycin, 15 mg per kg subcutaneously da;ly for 10 days. 
One hundred s;xty-seven rats were g;ven a 20% scald burn (Walker). 2 
With;n one hour postburn the wounds were infected w;th a broth 
culture of a lethal strain of Pseudomonas aeruginosa conta;ning 108 
organisms per ml. This organism was sensitive by the tube d;lu
tion tec~~ique to carbenicillin at 312 un;ts, colist;methate at 
6.2 µg/ml, gentamycin at 3.1 µg/ml and neomycin at 12.5 µg/ml. 
Twenty-seven burned ;nfected rats served as ;nfect;on control~ and 
received no antib;ot;cs. 

All antibiotic controls surv;ved, all infection controls died, 
w;th the;r average day of death be;ng 5.3 days. Th;rty burned 
infected rats rece;ved subeschar carben;c;11;n da;ly for 10 days. 
Twenty burned infected rats rece;ved subeschar col;st;methate 
daily for 10 days, another sim;lar group rece;ved subeschar genta
myc;n and a third group subeschar neomycin daily for 10 days. All 
burned ;nfected an;mals rece;ving carben;cillin subeschar survived. 
All an;mals rece;ving col;stimethate, gentamycin or neomycin died. 
The average day of death for those an;mals receiving colist;methate 
was 6 days, gentamycin 8.3 days, and neomycin 6.3 days. 

Since carbenicillin was the only ant;biotic which when given 
subeschar protected the burned infected an;mal, ;ts effectiveness 
when given subcutaneously at a distance from the burn wound was 
evaluat d. Ten burned in ,·ected animals were giveii carbenici 11 in 
subcutaneously in the anterior abdominal wall at a distance from 
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the burn daily for 10 days. All infected burned animals rece1v1ng 
subcutaneous carbenicillin at a distance from the burn wound sur
vived. The effectiveness of the carbenicillin when given intra
venously or intraperitoneally also was exanined. Ten burned infected 
rats were given a single daily iMjection of carbenicillin intra
venously and 20 infected animals received carbenicillin in a single 
daily intraperitoneat injection for 10 days. Ten burned infected 
rats received 250 mg/kg carbeniciltin intraporitonealty twice daily 
for 10 days. Sixty per cent of those animals receiving single 
daily intraperitoneat injections died. Thirty per cent of the 
burned infected animals receiving carbenicillin in divided dosage 
intraperitoneally twice daily,died. Thirty per cent of those re
ceiving ~ingle daily doses of carbenicillin intravenously died. 

We found no unique advantage in the subeschar route of injec
tion of antibiotics in a reproducible animal burn model. Neomycin, 
colistimethate and gentamycin failed to protect the animals when 
given subeschar, despite the fact that the organism was sensitive 
in vitro to each of these drugs. Only carbenicillin when given 
subeschar protected the animals, but protected the animals equally 
well when given subcutaneously at a distance from the burn wound. 

Carbenicillin like the penicillins, h s an unusual ability for 
diffusion and also is a potent agent for the control of Pseudomonas 
infection. Carbenicillin when given in a single injection intra
venously, intraperitoneally or in divided injections intr•perito
neally, afforded some protection even though some animals expired. 
The rapid excretion of the drug when given intravenously or intra
peritoneally prevents maintenance of sustained blood levels of 
carbenicillin. The subcutaneous and subeschar deposition of 
carbenicillin appears to provide a depot from which an effective 
blood level is maintained. The protection afforded by subcutaneous 
or subeschar administration of carbenicillin appeared to be a func
tion of the antibiotic itself and not a specific result of the 
injection into the burn wound. 
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Continued scrutiny of burn tissues at autopsy and in biopsies 
has been made for presence of yeasts and fungi in order to better 
understand the part played by mycotic infection in burn wound patho
genesis. Sixty-one patients were studied at autopsy, with spleen, 
liver, lung, kidney and burn wound samples cultured. Visceral 
cultures were positive for Candida in 22.~/4 of autopsied cases. 
Fungi included 16 genera; phycomycetes were unconmon, while pre
dominant genera included Fusarium, Ceahaloscorium, Penicillium and 
Nigrospora. Specific infections cou1 not e associated with these 
strains. Biopsy samples were positive for fungi in 37°/4 of patients; 
predominant genera resembled those seen in autopsies. Improved 
recovery of fungi was achieved by technical changes, but at least 
one-third of microscopically positi ,e strains do not yield fungi. 
The role of presumably saprophytic contaminants is to be investi
gated in view of their appearance in invaded wounds. 

Fungi 
Mu or 
Candida 
Rhizopus 
Burns 
Phycomycosis 
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THE ROLE OF FUNGI IN BURN WOlMD INFECTION: 
OBSERVATIONS ON BIOPSY AND AUTOPSY TISSUES FROM 

SERIOUSLY BURNED SOLDIERS 

The part played by fungi and yeasts in burn wound infection 
has apparently been increasing in recent years (Bruck, Nash, Foley, 
Stein, Lindberg).1 In conferences on nosocomia1 infections, re
ports of more and more infections due to fungi have ' appeared, and 
the species incriminated are largely those regarded as inocuous 
saprophytes. In this Institute fungi have increased as colonizers 
and invaders of the burn wound (Lindberg, Townsend, Contreras, 
Pruitt;2 Nasn, Foley, Pruitt3). Cultures of autopsy tissues and 
of wound biopsies have, for the past S years, routinely included 
:: t,1 ture~ for yeas ts and fungi. This procedure has been reviewed 
to achieve the maximum recovery of fungi from excised tissue, since 
notinfrequently tissues have been positive microscopically '.:>ut 
have not yielded fungi on cult~re. This report s1.111marizes the 
species and numbers of fungi recovered from biopsy and autopsy 
tissues in 171. 

MATERIALS AND METHODS 

Biopsy samples were collected as indicated by the clinical 
condition of the patient and the appearance of the burn wound. 
Special emphasis was placed on the darkening of the surface of 
the burn that has,on occasion, presaged development of fungal 
wound sepsis. Samples from biopsies are usually small, since the 
initial specimen is limited by the need for minimal trauma and 
that specimen rrust be shared between pathology and bacteriology. 
The median weight of biopsies received in microbiology is approxi
mately 200 mg per sample. For fungus culture, a sliver of tissue 
was removed aseptically with either blade or scissors, and was 
planted on Sabouraud's agar. The remainder of the sample was 
homogenized and cultured for bacteria qualitatively and quantita
tively. Recovery of fungi was found to be more successful when a 
tissue slice was cultured than when the ground tissu~ h0mogenate 
was used as inoculum. Another factor that appeared to enhance 
opportunity for recovery of fungi was planting samples as soon as 
possible after their collection. In contrast to bacterial counts, 
which change little in the first 24 hours when held in the cold 
after collection, fungi d"minish in recoverable numbers when held 
in the cold for a day before planting on media. 

Autopsy tissue samples were collecteri in the manner long es
tablished in the Institute of Surgical R~search. Blocks of over 
one gram of tissue were collected, dipped in 7r1¾ alcohol and 
flamed •. The outer one nm or more of the block was removed asepti -
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cally in the laboratory, and a sliver of tissue from this exposed 
surface was planted on Sabouraud•s agar. Incubation was at 26° C. 

RESULTS 

The recovery of fungi and yeasts from autopsy tissues is set 
down in Table 1. 

The yeast population, although it is grouped with fungi, really 
constitutes a separate entity. Yeast burn wound sepsis is not as 
clearcut an entity as fungal wound sepsis, and in the great majority 
of cases, yeasts on the burn wound behave as a colonizing contami
nant rather than as an invading pathogen. The predominant species 
on burn patients was Candida albicans, as it has been whenever 
species differentiation is done. Candida stutzeri has been recog
nized on burns but it has not been coornon in our patients. Candidal 
organisms recovered from lung, liver , or spleen may connote pneu
monia or systemic sepsis. The 11 patients with positive cultures 
in viscera fall in this category. Since systemic and wound infec
tion would imply more severe involvement, the patients were separated 
into those with only wounds positive and those with systemic in
volvement as well. This localization is shown in Table 2. 

The wound was obviously the most common site for finding Candida. 
Ten patients did not have it elsewhere. Five had lung and wound 
positive. One patient had Candida in all viscera plus wound, one 
in spleen, liver and wound, and 2 had liver and wound cultures 
positive for Candida. ThreP. patients had only positive lung 
cultures, one had only spleen positive and one had spleen and liver 
positive at autopsy. Systemic infection would thus have been con
sistent with the findings in 6 patients (liver and/or spleen posi
tive) and the lung findings implicated that site in 10 patients. 

With regard to fungi, 13 genera were recovered from autopsies. 
This number has not changed in 3 years, although c~ange$ in fre
quency have occurred. In 1971 the most common form encountered 
was Fusarium. It was found in viscera of 7 patients and in the 
wounds of 9. In terms of total varieties recovered, there were 11 
genera from viscera and 14 from the burn wound. Strains found 
only in viscera included Paecilomyces and Geotrichum, each in one 
strain from one patient. The change in frequency of Geotrichl.lll 
was striking; in 1969, there were 75 strains recovered lrom 59 
autopsies. There was no recognizable change in morbidity due to 
this genus; its relationship to burn wounds is obvi1 1u~ly not as 
direct as seemed the case in 1969. As to fflost conm•.>n genera in 
1971, the proportion of total strains recovered reflects their 
incidence. Principal genera and frequency of occurrence were: 
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Table 1. Fung; Recovered From Burn Pat;ents at Autopsy, ISR 
1971 

Genus Source and No. Pat;ents Posit;ve No.Strafos 
Lung, Liver, Spleen Burn Wouncl Recovered 

Hucor 0 3 7 

Rhhopus 1 1 2 

Abs;d;a 0 3 

Asperg;11us 3 6 13 

Penici 11 h.111 5 8 23 

Paeci 1 omyces 1 0 

Al ternarh 0 2 3 

Cephalosporfom 1 8 23 

Fusarhm 7 9 31 

Helm;nthosporum 0 4 5 

N;grospora 3 9 18 

Scopuladopsi s 1 5 10 

Sepedoni1.111 1 1 2 

Diplospor;1.111 0 1 3 

Geo tri ch 1.111 1 0 

Fansecaea 2 2 6 

Candida sp 11 13 49 

No. patient$ positive for fungi or yeast 46: 75.4% 
No. p~tients negative for fungi or yeast 15: 24.6% 
Total patients cultured 61 
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Table 2. Tissue Localization of Candija spin Autopsy Specimens 
ISR - 1971 

Total Patients Sites Positive on Culture 
Positive Lung Sp1een Liver Burn Wound 

3 + 0 0 0 

+ + + 0 

5 + 0 0 + 

+ + + + 

0 + 0 0 

1 0 + + + 

2 0 0 + + 

10 0 0 0 + 

24 



Genera 

Fusari um 
Cephalosporium 
Penici 1 lium 
Nigrospora 
Aspergillus 

30-5 

% of all Isolates 

20.5 
15.2 
15.2 
11 .2 
8.6 

~ and Rhizopus spp have been incriminated in this Institute 
in most of the cases of invasive fungal burn wound sepsis. Thus, 
their relative scarcity in autopsy tissues is noteworthy. Since 
they occur but rarely in the burn not clini cally diagnosed as having 
invasive Phycomycosis, there is a s t rong implication of selectivity 
in the occurrence of these forms in invasive infect, on. 

Other changes 
were evident. In 
1971, 31 strains. 
Nigrospora from 0 
i s"lates. 

of nl.lTlerical significance between 1969 and 1971 
1969 one strain of Fusariumwas recovered; in 
Cephalosaorium increased from 7 to 23 isolates; 

to 18, an Penicillium strains from 7 to 23 

The results of biopsy cultures for fungi resembled the species 
recovery which was obtained from autopsy samples. Table 3 sl.111'1\arizes 
these findings. A total of 197 samples were collected from 77 
patients. The incidence of positive fungal and yeast cultures was 
only one-half of the recovery rate for autopsy tissues. Samples, 
of course, were confined to the burn wound. 

Mucor and Rhizopus spp were recovered in low incidence from 
biopsy samples. These species do not invariably cause invasive 
sepsis, but their presence indicates that the possibility for 
Phycomycosis exists. Genera found in both autopsy and biopsy tis
sures also included Alternaria, Cephalosporium, Fusarium, Helminth
osporium, Nigrospora, and Fonsecaea spp. The numbers were too 
small for a high level of significance, but the predominant genera 
were probably Nigrospora and Fusarium. As with autopsy specimens, 
the most frequently encountered genus was Candida. Fourteen, or 
18'/c of patients biopsied,harbored Candida, usually albicans. 

DISCUSSION 

The search for fungi has reached a plateau of effectiveness of 
technic in the 1969-1971 period. There were 18 genera recovered 
in 1969, 17 in 1971. This is exclusive of Candida spp. The pre
dominant genera in 1971 included Fusarium, Cephalosporil.lTI, Peni
cillium, Nigrospora and Aspergillus. Neither Mucor nor Rhizopus, 
both of Jiich have been recovered from severe or=-7a'tal cases of 
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Table). Fung; Recovered From e;opsy of Burn Patients 
JSR - 1971 

Genus 

Hucor 

Rhhopus 

Aspergillus 

Pen;ci 1 Hum 

Al ternarh 

Cepha 1 ospod um 

Fusarium 

Helminthosporium 

Nigrospora 

Fonsecaea 

Trichoderma 

Candida sp 

patients cultured 
samples submitted 

No. Pat;ents Posit;ve 

1 

2 

2 

1 

3 

1 

4 

1 

7 

2 

1 

14 

No. 
No. 
No. 

No. 

patients positive for yeast 
Patients with one species 
Patients with 2 species 
Patients with 3 species 
patients negative for yeasts 

77 
197 

or fungi 
20 
8 
1 

or fungi 

328 

No.Strains Isolated 

1 

2 

2 

3 

8 

2 

8 

2 

1 

17 

29 - 37.6% 
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Phycomycosis, were frequently seen. The predominant genera in
clude such conmon saprophytes as Penicillium and Aspergillus. 
D_ermatophytes were rare; one straTii of Trichoderma was recovered. 

There is little evidence that, up to now, indicates seeding 
of the burn wound by any dominant strain. The increased recovery 
of Fusarium spp could refute this observation if it continues, but 
this is not a new phenomenon. A major difference in the ward 
population was the smaller number of Vietnam casualties in contrast 
to the 1969 experience. Such a marked change in source of patients, 
and the drop-off of patients with immediate experience in a warm 
humid environment where dermatomycosis is a major medical problem, 
would have been expected to result in a marked change in fungus 
content of burn wounds. In fact, this did not occur. Except for 
the drop in incidence of Geotrichum and a rise in Fusarium, there 
was little change in the fungi found in burns. It appears that 
the seeding effect of fungi on burns is not highly specific for 
geographical area; on the basis of this set of observations, one 
would be justified in concluding that fungal seeding is relatively 
uniform in widely separated geographical areas. 
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Since topical chemotherapy has been shown to effectively con
trol bacterial burn wound sepsis, fungal and yeast colonization or 
invasion ~f the burn wound might be prevented with topical anti
fungal agents such as nystatin. Nystatin mixed with Sulfamylon 
cream, 10,000 units per gram of Sulfamylon,has been c1pplied to 13 
patients who had biopsy proved fungal infection or invasion of the 
burn wound. Nine of the 13 patients expired, 8 of them naving 
evidence at autopsy of fungal invasion of the burn wound. None of 
the patients were treated prophylactically but for stabtished in
fection. No control groups have been studied. NlMT!ber s of patients 
admitted to the study are too small to draw any definite conclusion. 

Fungus 
Topical chemotherapy 
Topical nystatin 
Burn wound 
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PREVENTION OF FUNGAL AND YEAST COLONIZATION AND INFECTION OF TKE 
BURN WOUND WITH TOPICAL NYSTATIN (MYCOSTATINR) 

In the 3 years from June 1967 through December 1970, 30 cases 
of invasive infection of the burn wound with fungi (Phycomycetes 
and Aspergillus sp),have been doc1.mented in patients treated at 
the US Army Institute of Surgical Research and a mortality rate 
of 50"/4 recorded (Bruck, Nash, Foley, et al).1 Forty-six per cen. 
of survivors in this group required an amputation. In 1969, a 
prospective study of the incidence of colonization of the burn 
wound with fungi and yeasts demonstrated fungal colonization in 
37% of all burn wounds studied. The peak incidence of fungal colo
nization occur r ed during the second and third weeks postburn. In 
no case were fungi seen in burn wound biopsies obtained during 
the first week postburn. When related to depth of burn, 16.7% of 
second degree burns and 60% of third degree burns were ~oted to 
be colonized by the end of the second week postburn. In this 
group, 3 massive fungal infections occurred, an incidence of 4.2%. 
While the mycologic flora included Phycomycetes, Aspergillus and 
Geotrichum sp, the predominant organism by far was Candida sp, 
which was present in almost every biopsy specimen. 

Since topical chemotherapy effectively controls bacterial burn 
wound sepsis, it seems possible that a topical anti-fungal agent 
used prophylactically prior to fungal seeding of the burn wound 
could control or eliminate fungal coloniza t ion of the burn and 
perhaps prevent fungal invasion which often leads to loss of life 
or limb. Nystatin is a polyene anti-fungal agent which interferes 
with glycolysis within the cells of fungi by binding to a sterol 
in the cell membrane thus altering cellular permeability (Oster, 
Woodside)! The efficacy of topical nystatin for the treatment of 
vaginali oral and cutaneous moniliasis is well established (Brown, 
Hazen) .. ' Nystatin causes essentially no side effects ~en used 
topically, and no instances of allergy or contact dermatitis have 
been reported with t his drug. Even when used intramuscularly i n 
doses as high as 12 grams daily for periods as long as 6 months, 
no side reacti ons ot her than transient nausee and vomiting were 
noted (Newcomer , Wright, Sternberg, et al.). Absorption studies 
in animals ut ili zing 2 to 3 times the maximum dose of nystatin 
proposed fo r use in human pat ients demons rated no blood level s 
when nys tat in wa s applied topically to surgical wounds or placed 
in the peritonea l cavity of rabbits (Lindberg) .5 

METHODS 

Pa t ients admitted to the study were placed in on e of 3 gro~ps 
according to burn size. Group I were pati ents with less than 30"/4 
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total body surface burn. Group II pat;ents had from 30 to 60% total 
body surface bvrns and Group III patients had burns greater than 
60% 'of the total body surface. Hycostatin Sulfamylon cream was 
prepar~ using the Hycostatin powder so that there were 10,000 
units of Hycostatin per gram of Sulfamylon. This cream was applied 
twice daily or more frequently if necessary to keep the wound covered. 
All wounds were treated exposed. Each patient had a burn wound 
biopsy for histologic and bacteriologic examination prior to being 
placed in the study and then weekly thereafter. Weekly white counts, 
BUN, SGOT, and urinalysis were obtained, to mon i or possible side 
effects of the Hycostatin. 

RESULTS 

At the present time only 13 patients have been admitted to the 
study. One patient in the less than 30% total body surface burn 
group, 8 in the 30-60% group and 4 in the greater than 60% group. 
All were treated because of evidence of fungal infection or inva
sion. No one rec ,,ived treatment as prophyhxh. Six of the 8 
patients in the 30-60% total body surface burn group expired, 5 
of them having evidence of fungus infection or invasion at post. 
Two of these patients received topical Hycostatin for only 2 and 
4 days before expiring; the rest received it for at least a week. 
Three of the 4 patients in the greater than 60% group succlallbed 
and all had evidence of fungal burn wound infection or invasion 
at post. These patients received topical Hycostatin therapy for 
4, 8 and 10 days. No alteration in WBC, BUN or urine sediment was 
seen in any of the patients treated with topical Hycostatin Sulfa
mylon. 

DISCUSSION 

This study has too few patients at this time to draw any defi
nite condusic-ns. It would seem that once invasive fungus infec
tion has becar.e established topical Hycostatin in the concentration 
used in hiss udy does little to alter its course. Two of the 
patients diagnosed with invasive fungus shortly before death also 
received I.V. Pmphotericin withnoalteration in the final result. 
Both had invasive fungus at pust. 

A group of patients is to be studied in which the Hycostatin 
Sulfamylon cream will be applied prophylactical l y to determine 
whether fungal colonization and subsequent invasion can be prevented. 

SlMHARY 

Thirteen patfcr ts have been treated with topical Hycostatin 
Sulfamylon cream for mycotic infection or invasion of the burn 



31-3 

wound. One had a burn of less than 30% total body surface, 8 had 
30-60% total body surface burns and 4 had burns of greater than 
60% of the total body surface. Nine of the 13 died and 8· of these 
had invasive fungal infection at post. The combination Mycostatin 
Sulfamylon cream does not appear to be effective in the treatment 
of established fungal invasion. The prophylactic effectiveness of 
the cream is to be evaluated. 
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Sprague-Dawley rat were made hyperglycemic by the use of intra
venous Streptozotocln. After hyperglycemia was verified by laboratory 
means, the animals were given a standard 20°/o total body s~rface scald 
burn at which time they were seeder v.ith a suspension of mucor species 
cont.ainlng 106 spores per ml. The animals were followed to death at 
which time histologic evaluation was carried out. Initial results 
revealed that deep burn wound invasion was produced in this an imal 
model. 

Burns 
fungi 

Further studies are to be carried out with various other fungi. 
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DEVELOPMENT OF STREPTOZOTOCIN MODEL OF FUNGAL BURN WOUND 
INFECTION AS IT OCCURS IN BURNED MILITARY PERSONNEL 

The presence of fungi in burn wounds has increased markedly in 
the past several years.I Significance of fungi in burn wounds as 
well as the modalities of treatment still remain to be elucidated. 
Bruck et a1 2 used the alloxan treated rat as a model to establish 
and evaluate fungal burn infection. Streptozotocin, derived from 
Streptomyces achromogens, possesses the distinct biological activity 
of producing hyperglycemia when given to var ious animals as well as 
humans. The only success so far in establishing invasive fungal in
fection in an animal has been when a hyperglycemic state exists in 
the animal. 

Streptoz9tocin possesses antibiotic, antitumor and a hyper
glycemia action. The development of frank hyperglycemia in rats 
and dogs treated with this drug, was first reported by Rakieten 
et al,3 Streptozotocin has a highly effective beta-cytotoxicity 
similar to ailoxan but more specific and with a wider margin of 
safety than alloxan. Sprague-Dawley rats were made hyperglycemic by 
the use of intravenous streptozotocin. The hyperglycemia was veri
fied by determining blood sugar levels four days after the injection. 
A dose of 65 mg/kg produced an average blood sugar of 470 mg%. The 
urine was tested for acetone but none was found in any of the 
animals. 

Aft#r the hyperglycemic state was produced, the animals were 
then given a standa;<:1 20% total body surface scald burn, at which time 
they were immediately seeded with a suspension gf Rhizopus spores 106 
per ml. Twenty-one animals were seeded with 10 Rhizopus spores 
per ml. Twenty animals died, a mortality rate of 95.2% with the 
average time of death 18 days postburn, ranging from the 14th to the 
23rd day. All animals were autops ied. All ani mals exhibited deep 
invasive infection of the burn wound with involvement of the back 
musculature, and organs such as the 1 iver and spleen. Hematogenous 
spread was not identified. 

The progression of infection in these animals was followed by 
histologic examination of sections of the burn wound, liver, spleen, 
kidney and back muse 1 es. Infecting organisms were recovered by 
culture in the animals. 

Further studies will be carried out in order to lucidate the 
pathogenesis of the fungal burn wound inva~ion. Attempts will also 
be made to establish burn wound invasion by various other fungi. 
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A laboratory evaluation of 2 proteases was continued,using a 
spectrophotometric method for analysis of enzyme-mediated protein 
hydrolysis. A unique in vitro model permi t ted quantification of 
proteolysis of natural and thermal I y denatured skin pr.eparations, 
including human burn eschar. Subsequent to last year's report of 
basic dose-response curves with various enzymes and substra cs 
this year's research included additive and sequential applica t ions 
of proteases and of protease with el astase. · 

Enzymatic debridement 
E schar 
Thermal injury 313 
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AN EVALUATION OF THE USE OF ENZYMATIC DEBRIDEMENT OF BURN WOUND 
ESCHAR TO DEC.REASE MORBIDITY IN BURNED TROOPS 

Exped;tious eschar removal with prompt closure of the burn 
wound results in decreased morbidity and earlier recovery of 
patients with thermal injuries. The eschar can be easily excised 
from patients w;th small burns, but surgical removal of massive 
amounts of tissue from extensive burns imposes severe physiologic 
stress 3nd blood loss on an already tra1.matized patient. It is now 
customary to wait for such eschar to separate by natural processes 
before apply;ng grafts. With top;cal antibacterial therapy, eschar 
may remain adherent for a much longer per;od of time than when 
dressings or s;mple exposure methods were used, mak;ng suitable 
methods for rap;d removal of eschar that will permit imned;ate 
skin grafting desirable for optimum care of the burn pat;ent. En
zymat;c debr;dernent of the burn wound repres.ents one poss;ble 
approach to th;s goal. 

METHODS 

The standard ;ncubat;on med;a for both no~specific proteolys;s 
and collagenolys;s of skin preparations was either 0.1 M potassium 
phosphate buffer at pH 7.0, or 0.03 M Tris-HCl, pH 7.4, contain;ng 
0.15 M NaCl. Substrates tested included: 

Bovine serun albumin (5 mg/ml) 
Microcrystalline collagen (5 mg/ml) 
Spl;t-thickness viable porcine skin (0.8 cm2/ml) 
Full-th;ckness human eschar (1.5 x 2.7 cm/30 ml) 

Eschar samples were freshly excised and used inmed;ately or stored 
at 4° C. ;n 1% Wescodyne solution. A spec;a1 holder was designed 
for sk;n and eschar specimens that permitted incubation med;um 
contact with only the epidermal surface by means of a window. 

After the specimen was tightly secured in the holder, hydroly
sis was init;ated by submers;on in 30 ml of ;ncubat;on medium con
tain;ng the enzyme(s) to be tested. Enzyme concentrations employed 
were 0.25 mg/ml for soluble substrates (p;gskin gelat;n and bovine 
ser1.1n albl.lllin) and 1.5 mg/ml for microcrystalline collagen, p;gskin, 
and eschar. The experiments were performed at 37° C. ;n a shaker 
bath. At timed intervals, aliquots of the incubation med;um were 
withdrawn and analyzed for products of hydrolysis, as described 
below. 

Peptide and ~;no Acid Analys;s. Nonspec;f;c hydrolys;s of 
substrate result;ng ;n the release of pepti~es and amino ac;ds into 
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the buffered medil.ln was measured by the ninhydrin method. Samples 
(0.1 ml) were mixed with 1 .o ml ninhydrin reagent, heated at 100° 
C. for exactly 15 minutes, and then cooled to room temperature. 
Fifty per cent Ethanol (5 ml) was added and the absorbance of the 
mixture was measured at 570nm in a Gilford Model 240 Spectrophoto
meter. Leucine was used as the reference standard. 

H~droxyproline Analysis. Hydrolysis of collagen was monitored 
by hy roxyproline release. Samples (1.0 ml) of the incubation medium 
were hydrolyzed by addition of 12N HCI (1.0 ml) and heating at 120° 
C. for 12-18 hours in a teflon-lined screw cap test tube. The 
medium was then neutralized with Na0H (1 N) and adjusted to a final 
vol1.111e of 10 ml with water; 1.0 ml of this solution was ~ssayed for 
hydroxyproline, with results determined spectrophotometrica11y at 
550 nm. Hydroxyproline standards were carried through the entire 
procedure. 

RE ULTS 

A comparison of protein hydrolysis by sutilains, bromelain, and 
clostridial collagenase was reported i~ detail in last year's 
Annual Report (Section 36). Sutilains and bromelain were approxi
mately equally effective in hydrolyzing collagen, although the 
former showed slightly greater nonspecific proteolytic activity. 
Cotlagenase, on the other hand, was approximately 6 times more 
effective t~an either sutilains or bromelain in digesting collagen, 
though the nonspecific proteolytic activity of coltagenase was only 
one-half that of the other enzymes. 

These results suggested that combination or sequential treat
ment with a nonspecific protease, such as sutilains, and a substrate
specific protease, such as collagenase, might enhance protein 
breakdown and produce more rapid debridement. The result of simple 
combination of ~utilains and collagenase on the digestion of skin 
protein is shown in Table I. The ratio of the two enzymes was 
varied in an attempt to determine the most effective combination. 
In no instance, however, was enhancement of nonspecific proteolysis 
observed. The mean rate of hydrolysis by the combination of 
enzymes was only slightly greater than the rates of the individual 
enzymes measured separately and added together. 

The enzymes were then applied sequentially to human eschar 
with contact only at the outer skin r.urface. When eschar was in
cubated with sutilains or cotlagenase for 3 hours,washed briefly 
in saline, and reincubated with a second aliquot of the same 
enzyme for an additional 3 hour s , the rate of nonspecificprotein 
hydrolysis decreased during the second period (Fig. 1), suggesting 
that available subs trate became a limi t ing factor. (It should be 
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EFFECTS OF S[OU[NTIAL ENZYME INCUBATIONS ON 
TH( GEN(RAL PROTEOLYSIS OF HUMAN ESCHAR 

I A: ""'T INCUIATIOIII • 

4 /' 
.. '/ ! 1 ° o -,.-o--,zor----.,10 . --~ -.,- ~ 

240 ,00 

SlCOHO IH(~TIOIII 

' a SUTUIIIIS I 

I COUACIEIIIAS( 

4 

0 M) Iii() 110 14l> ,00 

lnc11/Jofio,, TilH (1'fi11 J 

Figure 1. Effects of sequential protease incubation on the 
general proteolysis of h~nan eschar. Specimens of human eschar 
were incubated in 0.03 M Tris-HC1, pH 7.4, containing 0.1S M NaCl 
and the following enzymes: Co11agenase, 3 mg/ml; Sutilains, 6000 
units/ml. After 3 hours (i), the eschar substrates were washed 
briefly in 0.15 M NaCl nnd reincubated with fresh enzyme. Each 
point has been corrected for ninhydrin values of eschar incubated 
w, thout enzymes (buffer blank) •and enzyme incubated without eschar 
(autolysfs). In the 0-3 hour incubation period, the points repre
sent the averag~ of 3 ~·""Jltaneous eschar digestions. 
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noted that at lower enzyme concentrations, the proteolysis rate 
remained constant during both incubations.) When the alternate 
enzyme was employed for the second incubation, the release of 
leucine equivalents more closely approached the kinetics of the 
initial treatment period. For example, when eschar WBS treated 
first with sutilains and then with either sutilains or cn11agenase 
(Fig. 1B), the rate of protein hydrolysis by co11agenase during 
the second period was nearly 2 times that by sutilains and was 
comparable to that associated with an initial co11agenase treatment. 

The effects of sequential enzymatic hydrolysis of human eschar 
are also reflected by the quantity of hydroxyproline released into 
the mediLm (Fig. 2). Skin i ncubated twice with sutilains or col
lagenase showed no appreciable change in the rate of collagen di
gestion between the first and seco d incubation periods. Skin 
exposed initially to sutilains and subsequently to co11agenase 
(Fig. 2B) exhibited a marked increase in the release of hydroxy
pro 1i ne during the second incubation per-i od. However, when treat
ment with sutilains followed treatment with co11agenase (Fig. 2A), 
no significant difference between the results of the twu incuba
tions was ob~erved. 

The rates of product formation assoc·iated with sequential hy
dro1 ysi s treatments, calculated from the data in Figures 1 and 21 
are listed in Table II. Included in these values is the hydrolttic 
rate measured during second incubation intervals with buffer alone. 
(This rate had already been considered in the curves of Figures 1 
and 2.)' It is noteworthy that despite the removal of co11agenase 
from the incubating medium at the termination of the first period, 
co11ageno1ytic activity was also measured throughout the second 
3-hour period, suggesting that this enzyme adhered rather tenaciously 
to the eschar, perhaps imbedded or attached to receptor sites on 
the collagen fibers. 

Though eschar is c·~<nposed of predomfoant1 y denatured collagen, 
other proteins, such as elastin, are present in the tissue and may 
c~ntribute to delayed eschar separation. Histo1ogica11y, the per
sistence of elastic tissue in the burn wound eschar has been noted 
(Vistness LH, Hogg GR: Plast Reconstr Surg 48:56-60, 1971). Elastin 
fibers are seen to traverse the zone between the eschar and under
lying viable tissue, and, as a result, retard separation of the 
necrotic component. It was therefore of interest to examine the 
efficacy of elastase as a means of more rapid debridement. 

Using human eschar as substrate and elastase (25 units/mg) at 
1 concentration of 1.5 mg/ml, proteolysis was followed by the release 
of ninhydrin-sensitive peptides and amino acids. Due to the more 
alkaline conditions required for optimum elastolytic activity, the 
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EFFECTS Of SEQUENTIAL ENlYlltE INCUBATIONS 
ON COLLAGEN DIGESTION IN HUMAN ESCHAR 

A: ,1111T INCIIIATION RCOND INCUIATION 

' 1/ 
0 10 IZO 110 140 JOO HO 

8: '111ST INCUBATION 

& SUTILAINS 
I COLLAtlNASf: 

0 10 IIO 110 Z40 JOO SIO 
/11,11b11fiotl Timr f,r,inJ 

Figure 2. Effects of sequential proteas treatment on collagen 
breakdown in h1.111an eschar. The cond;t;ons, enzymes, and eschar 
specimens were identical to those describe in Figure 1. Each 
point has been corrected only for ninhydr;n values of eschar incu
bated without enzyme buffer blank. 

·19 



TA
BL

E 
II

 

K
IN

ET
IC

S 
O

F 
PR

O
TE

IN
 H

Y
D

RO
LY

SI
S 

D
U

RI
N

G
 S

EQ
U

EN
TI

A
L 

EN
ZY

M
AT

IC
 

TR
EA

TM
EN

T 
O

F 
HU

M
AN

 
ES

CH
A

R 

E
N

ZY
M

E
 

1
st

 T
re

at
m

en
t 

(0
-3

 h
r)

 
2n

d 
T

re
at

m
en

t 
(3

-6
 h

r)
 

LE
U

CI
N

E 
EQ

U
IV

A
LE

N
TS

 
(J

.a
no

le
/m

l/
hr

) 
HY

DR
OX

YP
RO

LI
NE

 
(r

u
n

o
le

/m
l/

h
r)

 

C
o

ll
ag

en
as

e 
1

.9
5

 
1

8
.7

 

B
u

ff
er

 
0

.7
5

 
9

.2
 

S
u

ti
la

in
s 

2
.7

5
 

2
3

.9
 

C
o

ll
ag

en
as

e 
2

.1
2

 
2

8
.2

 

S
u

ti
la

in
s 

2
.7

4
 

5
.5

 

B
u

ff
er

 
0 

0 

C
o

ll
ag

en
as

e 
2

.2
7

 
3

5
.4

 

S
u

ti
la

in
s 

1
.1

7
 

5
.2

 

3
~

 

\N
 

\N
 

I 
--

.J
 

~ c
z

.1
W

Q
1

i¥
B

t w
vr

 
-
-
-
-
--

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
..

. 
.t.(

 
~

~
 

..
..

 
,,

,,
, 



33-8 

pH of the standard Tris-HCl buffer was increased to 8.6. Elastase 
was also tested in combination with sutilains (5333 units/ml). The 
results of these experiments, run in duplicate,are given in Fig. 3 
and Table III. 

TABLE I ll 

Pro tease Activi ty (nntoles leucine hr/ml) 

Elastase Sut i lains Elastase + Sutilains 

0.77 2 .57 3.10 

At the enzyme level used, elastase was only 30"/4 as effective 
as sutilains in digesting eschar protein. Unfortunately, there 
is no method for measuring specific elastin hydrolysi~. Further
more, the combination of elastase and sutilains resulted in no 
initial enhancement of proteolysis, although together these 2 
enzymes allowed a more sustained digestion rate in that the activ
ity rEmained linear for the duration of the 3-hour incubation. 
Perhaps the increase in pH, from 7.4 to 8.6, could account for the 
unusual curvature of the sutilains digestion rate. 

CO~CLUSIONS 

Pretreatment of eschar with sutilains enhanced the subsequent 
interaction with collagenase. This observed two-fold increase in 
collagenolytic activity may have been re l ated to the fact that 
collagen is found in the deeper dermal layers of skin, and pre
treatment with a nonspvcific protease facilitated the subsequent 
contact of a collagen-specific enzyme with its substrate. It was 
of interest, however, that overall collagenolysis by the sutilains 
• collagenase sequence was no better than the collagenase • colla
genase sequence. Yet when overall nonspecific proteolysis wa s con
sidered during a 6-hour period, the sequential treatment by suti
lains • collagenase resulted in 50% more protein digestion than 
the colla~enase • collagenase regimen. 

Although sutilains also manifested collagenolytic activity, it 
did not preferentially degrade exposed collagen. Thus, 2 sequential 
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E,rrcTS o, EI.A1TA1t AND SuTlLM11 
ON PIIOTEOl.Yllt 0, Bu11t1 EtCHM A 

I 2 
TIME IHowol 

Figure 3. Effects of e1astase and suti1ains on proteolysis of burn eschar. 
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treatments of eschar with sutilains did not result in increased 
hydroxyproline release during the second incubation. 

. . 
When elastase was combined with sutilains, the resulting rate 

of proteolysis was not enhanced, indicating that little therapeutic 
value might be expected. However, the release of ninhydr1n-posi
tive products of digestion was sustained in linear fashion for a 
longer period than when sutilains was used alone. 

PRESENTATION 
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Formalin-fixed split-thickness heterograft or homograft has 
been found to provide adequate wound coverage for up to 30 days when 
applied to 30% total body surface area wounds on the backs of white 
male rats. 

Serial biopsies of 50 grafted wounds demonstrate excellent 
adherence of the formalinized graft to the wound bed with moderate 
granulation in-growth and proliferation of fibroblasts,. minimal in
flammatory reaction, and absence of suppuration. When the graft is 
stripped from the wound, the bed readily accepts ~utograft. 

Repeated grafting with formalinized skin does not produce sensi
tization or accelerated rejection. Formalin-fixed skin stored for 
more than 5 years had no bacterial growth on culture. No external 
dressing is required, and motion of the grafted part is not re
stricted. A limited clinical evaluation of formalinized skin as a 
substitute for fresh homograft has been conducted in 15 patients. 

rormalin 
Cutaneous grafts 
Wound cover 
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EVALUATION AND PREPARATION OF FORMALIN-FIXED CUTANEOUS GRAFTS 
AS A TEMPORARY WOUND COVER FOR BURl~ED SOLDIERS 

The attributes of viable cutaneous allografts used as physio
logic dress;ngs ;nclude decrease;~ wound pain, evaporat;ve water 
and heat loss, st;mulation and protyction of granulating tissue, 
and suppression of bacterial flora. Unfortunately, the limited 
viability and difficulty of matching supply and demand restrict the 
use of such allografts. Previous laboratory investigation2 has ;n
dicated that the simple, ;nexpensive maneuver of formalinization 
decreased the antigenicity and increased the shelf life of cutaneous 
allograft or xenograft. The current study documents the effective
ness of such materials as temporary wound coverings and discloses 
the histolog;c bas;s for their nonreactivity. 

METHODS 

Skin grafts, 0.010 - 0.020 inch th;ck, harvested aseptically 
from recently deceased human donors or anesthetized laboretory 
animals, were spread on fine mesh gauze, imnersed for 16 hours in 
10% buffered formalin, washed in distilled water for 24 hours, .::r,d 
then stored at room temperature in sealed containers f111ed w;th 
0.5% formal;n. Prior to use, the skin is washed in physiologi~ 
saline for 30 minutes to reduce extractable formalin content to 
0.016% as determined by the method of Tanenbal.111 and Bricker.3 
Specim~ns produced by this method and stored for over 5 years have 
been proved sterile by cultures for bacteria and fungi. 

J Grafts were evaluated as temporary physiologic dressings on 
freshly excised 30"/4 total body surface wounds on the backs of 200 g 
white, male, Sprague-Dawley rats from which skin and pannicull.111 car
nosus had been removed. Grafts were subjectively scored daily for 
wound adherence. The end point was that day after application when 
50% or more of the graft was no longer adheren t . Comparisons were 
made between fresh skin and grafts fixed in formaldehyde, paraformal
dehyde, and gl utera 1 deh;1de. The 1 atter two agents were subsequently 
discarded because they rendered the grafts too ;nflcxible. 

RESULTS 

Wound coverage by formalinized skin when compared in the same 
animal model to fresh human and porcine xenograft and rat allograft 
(long-Evans, Sprague-Dawley) revealed that satisfactory wound cover
age was provided for 9.3 + 0.6 days by fresh rat allograft, 8.2 + 0.7 
days by fresh porcine and-human xenograft, and 30.0 ~ 5 days by for
malinized xenograft. All wounds readily accepted autograft from the 
rat's abdomen after removal of the physiologic temporary grafts, 
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;ndicat;ng that the test mater;ats had adequately protected the granu
lating wound bed from desiccation and infect;on. 

The h;stopathology of the graft-host wound ;nterface was stud;ed 
by ;nject;on of 5 cc of Ind;a ;nk into the rat tail ve;n 3 minutes 
prior to sacrifice on day 3; 6, 9, 12 and 20 postapplication of the 
test graft. Autografted animals demonstrated 1000/4 graft take with 
free c;rculation of carbon particles in both granulat;ng wound bed 
and graft on all days b;ops;ed. v;able homograft demonstrated 
;n;t;a1 graft take with free circulat;on of ink part;cles on day 3, 
but by day 9, carbon part;cl es were no longer ev;dent ;n the graft 
and a class;c rejection sequence had begun, w;th thrombos;s of graft 
vasculature and mononuclear round cell ;nfiltration. Neither fresh 
porcine or human xenograft nor a·ny of the formalinized grafts ever 
exhibited uptake of ;nk particles, despite excellent adherence to 
the wound and ;nvas;on of host fibroblasts with m;n;mal polymorpho
nuclear or monocytic inf;ltration into the lower dermal collagen 
fibr;t networks of the grafts. 

Second and third set appti~ation of viable xenograft or forma-
1;nized graft fa;ted to manifest accelerated rejection customarily 
seen with ;mmunologically active tissue. Absence of clin;cal inmune 
response and lack of revascularization ;n the formalinized grafts 
resulted in their longer survival as effective wound covers and sug
gest that their physical properties are of critical importance in 
their function as "JJhysiologic" dressings. 

Encouraged by the laboratory evaluation, a clin;cal tr;at was 
undertaken, and 15 patients rece;ved formal;nized human or porc;ne 
skin to portions of their gra~ulating burn wounds during the period 
between eschar separat;on and autografting. Each patient received 
between 1 and 4 applicat;~ns of formalin-fixed skin. Sk;n was changed 
only because of poor adherence, subgraft suppuration, or preparat;on 
for autograft;ng. When applied to second degree burns, the formalin
ized skin could be left in place until re-epithelializat;on occurred 
beneath it, provided good in;t;al adherence was ach;eved. 

At the time of graft removal, woun1s were graded on a 1 - 4 
scale: 

Grade I. No graft adherence w;th subgraft supp~ration. 
Grade II. No graft adherence w;thou subgraft suppurat;on. 
Grade III.Good adherence without granulat i on bleed;ng. 
Grade IV. Good adherence with granulation bleed;ng. 

By the time Grade IV read;ng was recorded, the wounds were ready 
for autogratting. Formal;nized skin was left ;n place on debrided 
wounds for 1 - 8 days and changed only for the criter;a mentioned 

3 --s 



34-3 

above. Wound biopsies at the time of autografting noted good graft 
adherence with minimal inflamnatory reaction, moderate ingrowth of 
granulation tissue into the lower dermal elements of the graft, and 
no foreign body or mononuclear inmune reaction elicited by the graft. 

The major problems experienced with the clinical use of forma
linized allo- and xenografts were (1) poor initial adherence, and 
(2) stiffness of the graft due to formalin fixation. Initial ad
herence could be improved by wrapping the grafts for 24 hours in 
saline-soaked dressings, after which time they were usually softer 
and better hydrated. Residual stiffness remains as an insurmount
able problem and has been responsible for discontinuation of the 
project. 

A search for other fixatives with the same antibacterial pro
perties of fonnalin has proved unsuccessful. Presoftening of the 
graft by soaking in urea solution has not alleviated the problem. 
Since formalinized skin does not handle as well clinically as fresh 
cadaver allograft or fresh and frozen porcine xenograft, the project 
has been terminated. 
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Recent Investigations of porcine and canine cutaneous xenograft 
have demonstrated the efficacy of these products as biologic wound 
covers, but have failed to elucidate the nature of the Interaction 
that occurs between graft and host. Classical accelerated second 
set rejection of viable porcine spilt-thickness cutan~ous xenograft 
cannot be produced In the 20°/4 total body surface excised rat model. 
Indeed, In most experiments, second set grafts applied to either 
the excised recipient bed of the first set graft or to a new site 
persisted longer than did the first-set graft. Moreover, vascularl
zatlon of cutaneous xenograft In the samP. rat model cannot be demon
strated by Injection of carbon particle suspension Intravenously 
Into a rat tall vein, or by the In vivo stereomicroscoplctechnlque 
of Taylor and Lehrfeld. Lastly, delayed hypersensitivity does not 
develop In either animals or human patients after repeated applica
tions of xenograft. 

These phenomena may be due to disruption of either the afferent 
or efferent limbs of the lr:mune arc, or the grafts may be Immunolo
gically Inactive because of the!r failure to vascularlze. The pur
pose of this study was to further study the graft-host relationship 
of spilt- t hickness cutaneous xenograft systems. 

Immune 
Cutaneous 
Xenografts 302 
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A STUDY OF IMMUNE RESPONSE TO SPLIT-THICKNESS CUTANEOUS XENOGRAFT 
TO IMPROVE CARE OF BURN WOUNDS IN MILITARY PERSONNEL 

The lnablllty to demonstrate an lnmune response to split-thickness 
porcine cutaneous xenograft has been described In previous reports. Ab
sence of accelerate~ second-set graft rejection and delayed cutaneous 
hypersensl ctvlty raise the question of wh~ther cutaneous xenografts 
may be inactive Immunologically because or failure of either anti-
genic transf&r, antibody synth~sis, or antigen-antibody Interaction. 

Considering the disparity between porcine and human species, 
It ls difficult to conceive of total Immune tolerance between such 
divergent tissues. Nevertheless, cllnlcal observations imply that 
xenograft behaves as an inert dressing with no significant lnvnunologlc 
relatlonshlp to Its host. 

Another possible explanatl~n of the cllnlcal Inertness of cuta
ne~s xenograft may Involve a massive lnmunologlc attack Immediately 
l!pon graft application and prior to vascularlzatlon, based on pre
existing anti-species antibodies. In an effort to demonstrate this 
type of re~ctlon, an Irradiated rat model was used to block lrrrnune 
response and determine whether or not vascularlzatlon would then occur. 

METHOD 

Fisher rats were subjected to 400-450 rads total body Irradia
tion from a cobalt source. Forty-eight hours after Irradiation, 
baseline white blood counts were obtained to document radiation ef
fect. Rats with WBC < 2000 cells/mm3 received 2x3 cm split-thickness 
xenograft and 2x2 cm spilt-thickness autografts applied to excised 
dorsal wounds. Grafts were biopsied after Injection of 5 cc of carbon 
particle suspen~lon Intravenously and examined hlstologlcally for evi
dence of graft vascularlzatlon and cellular Immune response. Clinical 
day of graft rejection was also measured by the criterion of 5070 ept
thellal slough. 

RESULTS 

While the WBC was consistently reduced from,v20,000 to< 2000 
cells/mm3 by 450 rads of gal'll'lla radiation, the clinical results demon
strated no consistent dlfferenc~s In duration of adequate coverage 
between the control and xenograft test animals In 3 expe r iments, each 
employing 10 test and 5 controls. Average duration of x-ocgraft on 
both Irradiated and nonlrradlated controls was 10-15 d~ys. 

A more predictable system was then tested, using true rat al
lograft (Sprague-Dawley donor-tFlsher reclplent). n the allograft 
experiments, graft survival was> 30 days In most of t ~e test animals 
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as compared to 8 days in the nonirradiated controls. Whereas the 
allografted animals developed vascularization in their grafts prior 
to rejection, the xenografted animals demonstrated no carbon par
ticles in the blood vessels of their grafts, as had been noted in 
earlier reports (Annual Report 1971). All autograft controls 
took successfully, vascularized, and were not sloughed or rejected. 

DISCUSSION 

An important consideration in the efficacy of porcine cutaneous 
xenograft as a biologic wound dressing is the demonstrated absence 
of vascularization after application to open wounds. The possibility 
exists that failure of vascularization is due to massive immunologic 
attack by "natural" humeral antibodies already present in the graft 
recipient. This experiment was designed to destroy the "natural 11 

antispecies antibodies that may exist, and to paralyze the immune 
response of the ,·ecipient by total body irradiation to see whether 
or not graft vascularization would then occur. 

From the results of t~ese experiments, it is obvious that the 
above hypothesis was not supported, since graft prolongation and vas
cularization were not observed in the xenograft system. The validity 
of utilizing 450 rads of gamma radiation to paralyze the immune 
response of the 200 gm Fisher rat was confirmed in the allografted 
animals. 

CONCLUSIONS 

This project did not provide evidence supporting the hypothesis 
that failure of vascularization of split-thickness porcine cutaneous 
xenograft was due to massive immune reaction occurring at the time 
of graft application and mediated by naturally occurring antispecies 
antlbodjes. However, the possibility still exists that humeral 
antibodies may play a role in rejection of such skin grafts. 

PUBLICATIONS AND/OR PRESENTATIONS 

None 

-



.. 

I, DATI: ....... •-•'f ._ ••O OP - I._.., ICT 

,o. N0.1cooc1,• ........ ., 

• DATU/l,,l:CTlltS1 ........... 

A1• NEW U 

IKIIIUTIOllt 

6 
I . ANIIC'I 

DA OE 6386 

P'IKA .. 

LDATSOP 

0.3 

.......... ,._ ._ __ ,. 

5.4 
V&A• •-..---1---------+--------1 

I I. CUM, AMT . 73 0.2 1.0 

•-••• US Army Institute of Surgical Research •-•~ US Army Institute of Surgical l!esearch 
Burn Study Branch 

A-•~ Ft Sam Houston, Tx 78234 

Mt-•M.at•OIVIMIA< 

•-.. Bast I . .\ Pnlitt, Jr, COL, HC 
,.....,._., 512-221-2 720 
•·-•••1.v11 
FOREIGN INTELLIGENCE NOT CONSIDERED 

-•~Ft Sam Houston, Tx 78234 

MKl"AI. t•,,.,TtlUO• ,,_.,. - If 11 . . •-,._........., 

•-~ Roger E Saltsbur1, HAJ, HC 
,. .... -1:, 512-221-2943 

IIOCIATI 1•v11nea ON 

•-•• Douglas Wilmore, HAJ, HC 
•-•• Ha I co Im N Goodwin Jr HAJ HC 

(U) Prior Trauma; {U) Donor SI te; (U) Recipient SI te Heal Ing; (U) Burned Soldiers 
,. TICM•eca, . O&IICTlva.• ... APll'IIOACN, ... ~-,,,.,.,, ....... .., ......... ...,,"-".., ...... ............ , .............. c .... , ..... c-., 
23. (U) To discover if stimulation of a prospective donor site by controlled trauma 
will result in acceleration of healing in burned military personnel. 

DA 

24. (U) Three days prior to surgery , synmetrical donor and recipient sites (3" >: 211
) 

on the backs of adult dogs will be outlined with Methylene Blue. One donor site will 
serve as control, the other infiltrated with 1% Xylocalne, and 25 punctures per square 
Inch Into the subcutaneous tissue will be made with an 18 guage needle. The procedure 
wl 11 be repeated 48 hours before surgery. At surgery, spl It thickness grafts 
10/1000 Inch thick will be taken from the back and placed on a prepared defect on the 
back. Donor sites will b~ covered with fine mesh gauze. Biopsies will be taken four 
days later and evaluated fo r epltheliallzatlon arid maturity of connective tissue. 
When the gauze separates, gross visual evaluation of the sites will be made for color 
and pliability. Biopsies of graft and recipient site and adherence studies will be 
done to evaluate the effect of prior trauma on graft take, 

25. (U) 72 04 - The study has recently begun and Insufficient data are aval lab le 
fo r analysis at present • 

.. ,. 
"11ll .. lOUI llOITIONI OP' TH l 8 P'OIIM Allll OOIOLllTll . 00 P'OIIM8 IUIA. I NO .. H 
ANO 148.I . t MAIi H IP'OII AIIM .. U8lll All& OOIOLllTll . 

365 



36-i 

ANNUAL PROGRESS REPORT 

PROJECT NO. 3A061102B71R-01, RESEARCH IN Bla-tEDICAL SCIENCES 

REPORT TITLE: EFFECT OF PRIOR TRAUMA ON DONOR SITE AND RECIPIENT 
SITE HEALING - A STUDY TO DEVELOP IMPROVED TECHNICS 
OF CARE OF BURNED SOLDIERS 

------

US ARMY INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORTS~ HOUSTON, TEXAS 78234 

1 July 1971 - 30 June 1972 

Investigators: 

Roger E. Salisbury, MD, Major, MC 
Douglas W. Wilmore, MD, Major, MC 
Glenn o. · Warde,:i, Mp, 'Major:- MC 
Malcolm N. Goodwin, Jr., MD, Major, MC 
Gary W. Welch, MD, Major, MC 

Repor t s Control Symbol MEDDH-288(R1) 

UNCLASSIFIED 

366 



i:i•--------------------------------------------- -

36- ii 

ABSTRACT 

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

REPORT TITLE: EFFECT OF PRIOR TRAlMA ON DONOR SITE AND RECIPIENT 
SITE HEALING - A STIJDY TO DEVELOP IMPROVED TECHNICS 
OF CARE OF BURNED SOLDIERS 

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

Period covered in this report: 1 July 1971 - 30 June 1972 

Investigators: Roger E. Salisbury, MD, Major, MC 
Douglas W. Wilmore, MD, Major, MC 
Glenn D. Warden, MD, Major, MC 
Malco~m N. Goodwin, Jr., MD, Major, MC 
Gary W. Welch, MD, Major, MC 

Reports Control Symbol MEDDH-288{Rt) 

The split thickness graft donor site is one t1pe of clean sur
gical wound. Normal wound healing usually occurs within 10 to 14 
days. Accelerated heating to shorten recropping time would be de
sirable in a patient with extensive burns and limited donor s'ites. 
The purpose of this study was to evaluate the effect of prior tral.lTla 
on the healing of a donor site. Carefully controlled studies reveal 
that maximum acceleration of healing {as measured by wound tensile 
strength) occurs on day 3 but is present as long as 40 days after 
the initial wound. The acceleration is thought to be due to local 
wound environment rather than a systemic agent. 

In 3 adult dogs, symmetrical donor sites were outlined on the 
lower back with methylene blue dye. One-half of the donor sites 
were traumatized with 25 needle punctures per square inch 72 and 48 
hours prior to surgery. At surgery split thickness grafts of 
10/lOOOth i nch thick were removed and placed on recipient sites on 
the upper back. Four days later biopsies were taken of the donor 
sites and healing was ctinical1¥ evaluated. 

There was no evidence, grossly or microscopically, that prior 
trauma to prospective donor site either enhanced or hindered wound 
healing. 

Donor site 
Healing 
Trauma 
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EFFECT OF PRIOR TRAl.ttA ON DONOR SITE AND RECIPIENT 
SITE HEALING - A Sl\JDY TO DEVELOP IMPROVED TECHNICS 

OF CARE OF BURNED SOLDIERS 

Investigators of wound healing have tested innumerable methods 
and substances to accelerate healing with questionable results. Like
wise, the effect of previous trauma on the heal i ng of a second wound 
is controversia1. A clear example of accelerated wound healing has 
been demonstrated in the destruction and resuturing of a sharply ex
cised surgical wound. Carefully contr~lled studies revealed that 
maximl.111 acceleration of all subsequent healing (as me~sured by wound 
tensile strength) occurs if the primary wound is disrupted on day 3, 
but is present as long as 40 days after the initial wound. The a~cel
eration is thought to be due to local wound environment rather than 
a systemic agent. 

PURPOSE 

The purpose of this study was to determine if previous traumat · c 
stimulation to a prospective donor site would result in acceleration 
of healing of the donor site. Accelerated healing of the limited 
donor sites of patients with extensive burns would be of clinical 
importance since repeat harvesting of grafts from those sites could 
be carried out at more frequent intervals. 

METHOD 

Three adult dogs were selected and 72 and 48 hours prior to 
surgery symnetrical donor and recipient sites on the back, 3" x 211 , 

were outlined with methylene blue. One donor site served as control 
and the other was punctured 25 times per square inch into the sub
cutaneous tissues with an 18-gauge needle. Pressure was applied for 
3 minutes to prevent bleeding. At surgery, split-thickness grafts, 
10/lOOOth inch thick, were taken from the donor site and clipped on 
the recipient sites on the back. rhe donor sites were then cov~red 
with fine mesh gauze. Four days ater all donor sites were evalu
ated grossly for healing and biopsies taken. 

RESULTS 

There were no differences in wound healing among the donor sites 
by visual inspection or microscopic evaluation. Grossly the fine 
mesh gauze had separa t e fro~ all donor sites and all showed signs of 
early healing. Microscopically all donor sites exhibited e~rly 
epithelialization 6 to 10 cell layers thick \~ith underlying irm,ature 
granulation tissue. 
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CONCLUSIONS 

In this small series sharp tral111a to a prospective donor site 
neither accelerated nor hindered wound healing. In future studies 
other physical and c emical stimuli to prospective donor sites will 
be tested in an atten1pt to accelerate healing. 
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This project was designed to study hypertrophic scarring by 
developing an animal model in which scarring could be examined 
and by analyzing human scar hypertrophy hlstologically and 
therapeut I ca 1 ly. 

Results of anlm,Jl exp!rlmentatlon have been encouraging. His
tologically confirmed hypertrophic sca1· has been created in 7 Duroc 
pigs. i\ttempts are 'now be.ing made to reproduce this mcrie1 in other 
species. 

Therapeutic trials of Dermajet infusion of triamcinolone and 
hyaluroniC:.ase were carried out, with 1 imited success. Topical 
steroid application using Cordran tape was also evaluated. Tbe 
most promising therapy to date has been application of Jobst com
press ton garments for six. months after comp let Ion of grafting. 
Forty patients have been studied in this project. 

Hypertrophlc scar 
Steroids 
Therma 1 injury 
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HYPERTROPHIC SCARRING--ETIOLOGY AND CONTROL OF A 
DISABLING COMPLICATION IN BURNED SOLDIERS 

Since the word keloid was introduced by Allbert in 1806, the 
surgical 1 lterature has been replete with descriptions, hypotheses, 
and treatments reflecting the frustration of medical practitioners 
who attempted to deal with this enigma of wound healing. The 
diverse modalities of proposed attack with oral, topical, lntra
leslonal end systemic drugs, radiation and pressure devices, emphasize 
the inadequacy of current management. Many of the testimonials to 
each form of therapy are poorly controlled retrospective analyses 
unsuitable for statistical evaluation. Despite elucidation of the 
structural and biosynthetic steps of collagen synthesis, little ls 
known of the metabolic derangements in wound healing leading to 
scar hypertrophy. 

The influence of age, race, s~x, heredity , and regional suscep
tibility of different body areas have been described, but their 
mechanisms of affecting wound healing are still undisclosed. lnve~
tlgators now have the knowledge and tool~ necessary to dissect ab
normal scar formation to its molecular source. Only one fundamental 
prerequisite is lacking--a convenient and reproducible animal model. 

Hypertrophic scar has been described in horses, cattle, dogs, 
and the feet of vultures and eagles. However, none has wi thstood the 
test of reproducibillty , histologic scrutiny, and natural history. The 
knob-like lesion noted on the traumatized legs of several horses has 
not proved to be hypertrophic scar, bu t a massive proliferation of 
granulation tissue with thick-walled blood vessels enclosed In an 
epidermal envelope. 

Recent research in our laboratories with biologic dressings of 
split-thickness cutaneous porcine xenograft has led unexpectedly to 
the appearance of densely flbrotic hypertrophic dermal scar In donor 
swine. Easy duplication of the process and hlstologlc evaluation of 
the resulting tissue suggest that this porcine scar may provide an In 
vivo model for further investigation of the dynamics of collagen meta
bolism and abnormal wound healing, and evaluation of proposed thera-
peut ic modalities. This report describes the method by which the 
scar ls created and presents the morphologic characteristics of 
such scars. 

The scars are created In 6-week old, 20-pound, female Duroc pigs 
by repeated stripping of the dorsal and flank skin with an air der
matome set at 20/1000 of an inch,untll only a basal layer of dermal 
collagen reticulated by small subcutaneous fat lobules remains. 
Usually three or four stripplngs are required to createa 6x6-inch 
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wound, depending on the size of the ani111al and the thickness of its 
hide. A 3-lnch wide single strip donor site control wound is created 
in the paravertebral area opposite the study wound. 

After recovery from their lnnovar--nitr,.,us oxide anesthetic, the 
animals are returned to their individual pens. The wounds are allowed 
to granulate and re-eplthelialize without application of topical agents 
or dressings, since the pig is remarkably resistant to Invasive sepsis. 
Four to six weeks are required for healing and scar formation, and the 
longer the convalescent period, the thicker is the resulting scar. 
Postoperatively, the pigs are fed standard dog chow and water ad lib, 
and usually attain weights in the range of 150 pounds, making long
term observation in a laboratory setting difficult. However, skeletal 
growth progresses from 30"/o to 80-90°/o of adult maturation during the 
4-month postoperative period. This phase approximates a span from 8-
15 years of age In the human. 

RESULTS AND DISCUSSION 

While the control wounds usually repigment and grow bristles, 
the study wounds remain ha irless and frequently devoid of pigment. 
None of our pigs have been observed for more than four months,and 
therefore no comment can be made in reference to further persistence, 
spread, or reabsorption of the scar. 

The thick scar observed in the Duroc pig closely resembles human 
hypertrophic scar in that it occurs in young animals due to full-or 
partial-thickness dermal injury. It is potentially disfiguring, 
and microscopically distinguishable from normal dermis. The matura
tion cycle progr~ ses from a densely cellular stage with sparse col
lagen deposition to a sparsely cellular stage with deposition of en
larged collagen fibers. The orientation of the collagen fibers is 
predominantly parallel to the wound surface, but scattered areas of 
disorganized collagen are COfTITlon. Elastic fibers are absent from 
the scar until late in its maturation cycl~. The thickest scars have 
been biopsied from areas slow~st to heal, and are c-.haracterizecl by 
dermal depths of up to 15,000 ~ (1.5 cm). These areas contrast with 
normal porcine dermis and ordinary scar thickness of 2500 to 3000 rTJJ. 
Hair is present in the uninjured skin and reappears in the ordinary 
flat scar. It is consistently absent from areas of thick !;car. Cut 
surfaces demonstrate translucent zones th~t correspond histologically 
and chronologically with relat:vely immature scar. 

In addition to ordinary transmitted light microscopy with hema
toxylin and eosin stains, porcine scar tissue has been studi ed 
with special stains for collagen and elastic tissue. Polarized 
1lght microscopy is most useful in evaluating, GUalitatively,colla
gen deposits and fiber patterns. 

Normal porcine skin is composed of an epidermis measuring 25-
40 ~ in thickness,not including rete pegs. The dermis is composed 
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of loosely woven collagen fibers gene rally a rranged parallel to 
the epithelial surface. Layers of fibers cross each other at 
approximately right angles. 

Young hypertrophic scars are characterized by a thick, hyper
keratotic, stra t um corneum and a hype rpl3stic epithelium measur
ing up to 400 JJ in depth , exc 1 usive of rete pegs, extensions f 
prickle cell hyperplasia or hyperkeratoses . Epidermal thickness 
in the most mature tissue is 75 JJ, None of the tissue in this 
series is old enough to have completely remodelled to normal 
epiderma l architecture and dimensions. Beneath the epidermis 
is a markedly thickened dermis, packed with smal: basophilic
staining fibroblasts and eosinophilic young collagen fibers. 

Scar maturity varies directly with the ratio of collagen 
fibersto fibroblasts. As the scar ages, there are fewer fibro
blasts and more coll agen fibers. Since collagen is birefringent, 
polarizing microscopy is valuable in assessing tissue maturity; the 
most mature area is located just below the epidermis. Another 
zone of early maturation is found at the deeper scar margin at its 
junction with subcutaneous fat, The dermis is thereby observed 
to mature in a centripetal patter, p oceeding from its most 
superficial and deep margins towards the center . 

The configurat ion of collagen fiber deposition in the thick 
scar never approximates the loose, regular, interdigitating 
style of normal dermis. Two patterns are found that are easily 
distinguishable and irregularly dispersed through the hyper
trophic tissue. First, there are closely packed fibers lying 
parallel to skin surface but not grouped into distinct bundles. 
These fibers are immediately ohvious under polari.zed 1 tght. The 
areas of brightly polarized parallel collagen fibers are cor,
sistent with the eosinophi ! ic zones demonstrated in the H & f 
preparations. The central immature region transmits no polar
ized light and correlates with the basophll ic area of small 
fibroblasts i ·; ,hich no collage has ye t been deposited. 

The s econd configuration r cognized in the hypertrophic 
porcine scar is distinguished by disorganized deposition of 
coll agen f ibers si milar t o that ~escribed in human hype rtrophic 
sca r. The pol a ri zed li ght pattern is also diagnostic. 

These two collage conf igurations may occur separate ly or 
togP. the r . Whil e th e dete rmining fac tor for each of these pat
t e rn s is unknown, they may be conce ivably 1 lnked with the degree 
and direc t ion of linear s tres s (or lack of it) present in t he 
•v ic ini t y of t he hea ling wound . 
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The mature porcine hypertrophlc scar has compact bundles of 
collagen fibers with a structural morphology somewhat suggestive 
of human kelold by light microscopy. However, polarlzed-llght 
microscopy and higher power examination reveal strongly eoslno
phlllc, br1ghtly polarlzlng,hypertrophlc, collagen fibers and fail 
to demonstrate the hyallne, glassy, pale staining, faintly re
fractlle giant fibers typical of kelold. 

Elastic fibers In porcine hypertrophlc scar have been charac
teristically absent In all but the most mature specimens, where 
they are preset In minimal quantities. 

In summary, a technique has been described by which hyper
trophic scar formation has been Induced in small female Duroc pigs. 
Grossly and hlstologlcally, the morphologic structure and maturation 
cycle of this porcine scar resemblus that of human hypertrophlc 
scar. Both human and porcine scar share several etiologic pre-
requ ls I tes such as derma 1 trauma, cle 1 ayed hea 1 i ng, and subacute In
fect lon leading to intense flbrobl~stic proliferation and collagen 
deposition In excess of that expected In normal scar formation and 
normal healing. 

CLINICAL STUDY 

In the last annual report, preliminary results were presented 
from a cllnlcal project to study efficacy of two modes of therapy 
of hypertrophlc burn scars: (1) steroid therapy--lntraleslonal 
Dermaje\ (tntradermal) Injections or application of Cordran tape, 
and (2) pres,ure therapy using the Jobst pressure device, custom 
made to flt body segments or extremities. Since burn scars often 
cover large bod-y surface areas, surgical excision and radiotherapy 
were not usually feasible except for very small lesions. The two 
methods chosen for evaluation were more safely applicable to large 
wounds. Unfortunately, there are no drLgs yet available to control 
c~llagen synthesis directly, although several are being tested In 
other laboratories. 

Both Cordran tape and Jobst stock ngs can be used by the patient 
on convalescent leave, while the Dermajet treatments are given at the 
hospital at two to four week intervals. Jobst pressure devices are 
not used about the chest and have been 11ml ted to one 1 imb of bi-
1 atera 11~· burned extrem i ties so the other extremity can serve as a 
control. Periodic photographs are the major means of evaluation. 
Biopsies are sparingly e.mployed and confined to the limbs. 

Forty patients with extensive second- and third-degree burns 
were treated by either continuous pressure to their burn scars or 
by local Injection of a triamcinolone hyaluronldase mixture. Pressure 
therapy was applied to 26 patients by means of custom-mad~ elastic 
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garments (Jobst) which apply 40 mmHg pressure to the wounds. Fourteen 
patients received steroid therapy, ia air-gun injection of up to 200 
mg t riamcinolone diacetate and 150 N.F. units of hyaluronidase di
luted in 0.5% XylocJine. Periodit; wound biopsies were obtained in 
selected patients t o follow the evolution of the burn scar. 

Results of therapy were graded photographically, by biopsy, 
and by subjective evaluation of scar pain, prurltls, softening, and 
flattening. lntraleslonal steroid therapy was of necessity limited 
to small areas of the face and hands, and was conducted during an 
average treatment period ,:,f 3.2 months. While no complications of 
subcutaneous tissue atrophy or skin depigmentation were encountered, 
subjective and functional results were poor, and the pain experienced 
during therapy contributed significantly to the discontinuation f 
this technique in 6 patients. 

Twenty-eight legs, 8 arms,and 5 hands in 26 patients 
were treated with compre~slon sleeves and stockings over an ave rage 
treatment period of six months. Results were uniformly excellent 
in patients commencing therapy within three months of injury who 
diligently wore the devices as instructed. 

Histological evaluation of wound biopsies demonstrated no con
sistent evidence of foreign body reaction, chronic inflammation, or 
differences in co1lega1 maturation and configuration. No dense large 
c~ilagen bundles or invasion of normal tissue were observed. 

CONCLUSIONS 

1. A reproducible animal model for the study of hypertrophic 
scar formation has been described. Future research will involve 
exarrinotion of collagen metabolism within this model to determine if 
it is truly representative of human scar. 

2. Of the various modes of therapy evaluated clinically, a com
pression using elastic custom-made garments has been found most suc
cessful in shrinking already fonned hypertrophlc scars and in pre
venting hypertroph ic s ar formation in susceptible individuals with 
slow healing deep second- and third-degree burns, 
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ABSTRACT 
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The hemolytic anemia inmediately following a burn has been 
attributed to d·irect thermal action on red ee l l s . Measurements of 
5lcr labelled red cell survival and distribution revealed not only 
a shortened lifespan and intravascul ar hemol ysi s, but al so s i gni fi
cant sequestration of red cells at the burn site and !;light hepa
tic and splenic sequestration. 

Measurement of 59Fe turnover and serum iron demonstrated a 
transient increase in iron metabolism until the red cell mas s was 
restored. Iron distribution pa~terns demonstrated increased red 
cell iron utilization and higher splenic iron uptake. In contrast 
to other investigations, neither dcfectiv~ crythropoicsis nor 
chronic anemia were detectable in our uninfected burn model. 

Burn anemia 
Red cell lifespan 
Iron utilization 3~0 
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ANEMIA FOLLOWING THERMAL INJURY -
LABORATORY STUDY OF CHANGES OCCURRING IN BURNED SOLDIERS 

Following burn injury patients experience an acute hemoly sis 
at the time of injury and a 1 ater poorly documented red eel l marrow 
failure. The early hemolyti c anemia has been related to direct 
thermal injury, spherocytosis and increased o smot i c fragility. 
The 1 ater anemia has been rel at•ea to defective hemoglobin synthesis. 

The present studies were directed toward evaluation of these 
anemic states in rats after a standardized scald burn. 

Male Sprague-Dawley rats were inflicted with 20, 30, 40 or 
SO% total body surf ace seal d burns under pentobarbi tal anesthesia 
and sequential examination of hematocrit, red cel 1 mass, using a 
Slcr labelling technique, and S9Fe plasma clearance and red cell 
i ncorpor at ion. 

Results indi cate that following a 30% burn injury, SO% of 
the red cell mass is lost in the first 24-48 hours as a result of 
intravascular hemolysis and trapping by the burned skin. Plasma 
iron turncver in these animals was brisk, and red cell mass was 
nearly restored by 6 days. No late anemia was observed, even with 
large burns, suggesting that marrow function is not suppressed. 
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ABSTRACT 

PROJECT NO. 3~061102671R-01, RESEARCH IN BIOMEIDCAL SC!ENCES 

REPORT TITLE: OAGULATION ABNORMALITIES IN THERMALLY INJURED 
SOLDIERS 
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Investigators: Karl Eurenius, MD, Major, MC 
William F. McManus, MD, Major, MC 
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Serial coagulation studies in human burn patients ar.d in 
experimentally scald burned rats were performed to evaluate clot
ting dynamics. These studies indicate that following burn injury 
there is a rapid consu"l)tion of clotting factors associated with 
evidence of fibrinolysis. This is followed by a period of "hyper
coagulability" as defined by elevated .i!l vitro clotting activity 
and further evidence of fibrinolysis. Five patients developed 
disseminatedintravascular coagulation (DIC) during this period of 
"hypercoagulabilitf"• A close correldtion between rat and human 
studies was observed, and it is suggested that this model be used 
to evaluate specific clotting changes which occur with thermal 
injury. 

Coagulation 
Platelets 
Thrombocytopenia 
Disseminated intravascular clotting 
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COAGULATION ABNORMALITIES IN THERMALLY INJURED SOLDIERS 

Hemorrhage and thromboembolic phenomena are frequently seen 
after major burn injury, and have been documented elsewhere. We 
have studied in serial fashion, clotting parameters in 35 burn 
patients and in experimentally scald burned rats. 

Studies included platelet concentration, fibrinogen concen
tration (turbidometric and thrombin clottable), prothrombin time 
(P.T.), activated partial thromboplastin time (P.T.T.), quantita
tive thrombin time (T.T.), plasmi~ogen concentration (casein di
gestion) and fibrin degradation product titer (F.O.P. - staphylo
coccal clumping technique). 

Patients were divided retrospectively into 17 survivors with 
a mean burn size of 42% and 18 non-survivors with a mean burn 
size of SS%. Rats received a 30% third-degree scald burn after 
pentobaribtal anesthesia. 

The follcwing observations were made. Following burn injury 
in patients, t :1ere is a prompt elevation in fibrinogen and FOP titre, 
and a fall in plasminogen, suggesting fibrinolysis. In rats, this 
same response ·is preceded by a brief episode of clotting factor 
consumption. The data suggest that intravascular coagulation occurs 
inmediately after injury, followed by a period of "hypercoagulabil
ity". Evidence of persistent fibrinolysis, either primary or 
secondary to a mild but persistent DIC, continues duriog the first 
3 weeks of convalescence. 

Early postburn thrombocytopenia in burned humans and rats 
persists in "non-survivors" until death. In this group, there is 
also a significant elevation of P.T. and P.T.T. Mixing studies 
suggest that this is not the result of a circulating anticoagulant, 
clld is more likely a reflection of a deficiency state. In contrast, 
fibrinoqen concentrations are identical and high in both surviving 
and non-s~~viving patients, and have been noted to fall only with 
clinically signi f icant DIC. A drasti c fall in fibrinogen concen
tration may be the best indication of DI C which has now been 
observed in S burn patients. 
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A 30%, third-degree, scald burn in rats was used to study 
granulocyte kinetics after thermal injury. Early postburn leuko
cytosis, a result of granulocyte demargination and early bone 
marrow r elease, was followed by an absolute granulocytopenia, des
pite elevated concentrations of circulating cells. The total 
peripheral granulocyte pool was slowly restored to normal by a 
combination of increased marrow production and release, and the 
reestablishment of a marginating pool. These studies are related 
to the leukocytosis observed in thermally injured patients. 

Granulocytic 
Granulopoi esis 
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GRANULOCYTE KINETICS IN THE URNED RAT -
A MODEL OF CHANGES IN BURNED MIL TA RY PATIENTS 

Leukocytosis is a well-known clinical observation in burned 
patients. The relatively short lifespan of granulocytes in the 
circulation makes comprehensive study of the dynamics of this cell 
difficult. Isotope labelling has been used to assess cell turnover 
in normal, leukemic, and infectious states. Since host defense 
against bacterial invasion is crucial in the burned subject, we 
examined granulocyte kinetics in a scald-burned rat model, and 
present data which describes the status of the circulating, mar
ginating and marrow pools following thermal injury. 

MATERIALS AND METHODS 

Patients. White blood counts were collected sequentially in 
trisodium citr~te anticoagulant from 25 consecu t ive human burn 
patients with greater than 30% total body surface burns. At least 
7, and as many as 26 samples were taken from each patient. 

Animals. Mae, Sprague-Dawley rats wer e anesthetized with 
pentobarbital and a 30%, third-degree, scald burn was produced 
using a fiberglass mold and irrrnersion of the clipped dorsal body 
surface in water at 100° C for 10 seconds. Twenty-five animals 
served as controls, while 20 rats were followed sequentially after 
burn injury. Invasive sepsis does not occur in such animals in 
the absence of deliberate bacterial seeding. 

Blood, collected by aspiration from a small distal tail vein 
incision, was assessed for leukocyte concentration with an improved 
Neubauer ruled counting chanber. 

Marrow suspensions wer e obtained from rat femurs which were 
dissected, cleaned of surrounding tissue, and transected. Marrow 
contents were flu shed into 10 ml of normal saline and 3.2% trisodium 
citrate (9:1). Nucleated marrow cells were counted in 2% acetic 
acid. After counting, the suspension was centrifuged at 300 x g 
and the cell button resuspended in a small amount of fetal calf 
ser1.1n. Smears of the resuspended cell pellets were made with a 
rounded cover glass, and 200-cell differ enti a ls were performed by 
each investigator, using a May-Grunwald Giemsa stain. 

Epinephrine, 0.1 ml, 1 :10,000, was injected into the dor sa l 
tail vein of rats at various periods postburn, and into unburned 
controls. White counts and t ii vein blood smear s for differen
tial counts were taken at S minute intervals, ancl the maximal 
granutocyte count was used a3 the value of maximal demargination. 
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RESULTS 

In 26 burned patients, a mean leuk0cyte count of 24,000 WBCs/mm3 
was observed from 24 hours through day 3 postburn. High normal 
values were recorded from day 4 through da y 6, when ~ second eleva
tion occurred peaking at day 9 and persisting until day 18. 

White blood counts in 20 burned rats showed an initial rise 
during the first 4 hours, and a subsequent fall, a second sustained 
elevation began on the 5th postburn day and persisted for almost 3 
months. 

When total circulating granulocytes were calculated, the early 
peak contained 105 + 49 x 106 cells per 200 g rat as compared to 
a value of 41 in normal animals. Thee values dropped to near 
normal by 24 hours, remained there for 8 da ys, and then rose again. 
The mean contribution of myelocytes and metamyelocytes to the cir
culating pool was 10%, demonstrating a significant addition by 
immature cells which lasted for 2 months. There was no significant 
contribution to this pool of promyelocytes or blast form~. 

Next, the total peripheral granulocyte pool (circulating cells 
plus marginated cells) was examined. A significant, absolute 
granutocytopenia occurred by 4 hours postburn and was maximal at 
3 clays postburn with approximately 120 x 106 cells per 200 g rat, 
or 65% of normal. This was followed by a stow return to control 
values. This apparent granulocytosis in the presence of actual 
granulocytopenia, was the result of almost complete depletion of 
the marginating pool which fell from 131 x 106 celts/200 g rat to 
14.3 at 4 hours, 70.0 at 5 days, and rose to only 126 by 90 days. 

Changes in marrow granulocytes indicate nondividing mature 
cells (segmented forms, bands, metamyelocytes) vacating the marrow 
during t he first 28 hours postburn. This compartment was restored 
by 3 to 5 days postburn and remained hyperpla s tic through day 30. 
The dividing compartment (myelocytes , promyelocytes, blast forms) 
was significantly increased by the first day after burning and 
remained significantly elevat ed throughout the convalescent period, 
returning toward normal by 60 days postburn. 

DISCUSSION 

It is a clinical impression that leukocytosis occurs after 
extensive thermal injury. We observed boLh an early increase and 
a subsequent sustained elevation of circulating granulocyte con
centrations in burn patients. Similar elevations have been observed 
after exposure to cortisol, epinephrine, and bacterial endotoxin. 
We also demonstrated an early elevation in granulocyt e concentration 
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in burned rats, and our data suggest that this response is due 
both to an acute cell demargination and to a sudden r elease of 
marrow granulocytes. Both catecholamine and cortisol concentrations 
are drastically increased after burn injury, and may be responsible 
for this demargination and subsequent marrow release. 

While circulating granulocyte concentrati ons were elevated 
during convalescence, total peripheral content values indicated an 
absolute granulocytopenia, despite the significant contributions 
of dividing and non-dividing cells from the marrow. This absolute 
granulocytopenia suggests a shortened cell survival. 

The decrease in total peripheral content during the first 24 
hours indicates a decrease in the production/destruction ratio, 
which reached equilibrium during the next S days, and then increased. 

·The restoration of total peripheral granulocytes, in the pr ~sence 
of circulating immature cells, and a shift toward immaturit ; in 
the marrow indicates increased marrow granulocyte producti on and 
release. The absolute granulocytopenia masked by circulating 
leukocytosis in these s tudies may contribute to the incidence 
and severity of bacterial infect ions in burn patients. 

PRESENTATIONS AND/OR PUBLICATIONS 
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ABSTRACT 
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In uncomplicated burn injury in rats, postburn blood cell kinetics 
are characterized by shortened survival due to cell destruction, en
hanced bone marrow activity, and a resultant granulocytosis, thrombo
cytosis, and rapid restoration of the circulating red ce'tl mass. In 
patients with systemic gram-negative infection, granulocytopenia and 
thrombocytopenia often develop. This response to acute infection has 
been studied by following granulocyte, platelet, and red cell changes 
in the burned rat with Pseudomonas burn wound infection. 

Peripheral granulocytopenia in the infected, burned animals was as
sociated with depletion of both mitotic and non-mitotic myeloid marrow 
cells. This contrasted to a markedly stimulated myelopoiesis in the 
rats with uninfected burns. Peripheral thrombocytopenia persisted in 
the burned, infected rat and reflected the absence of the sustained 
megakaryocyte proliferative response which following uninfected burn 
lnJury. Platelet survival and label distribution were identical in 
infected and uninfected .~nimals. The level~ •f circulating red cells 
and marrow erythroid cells did not differ si ~,1ificantly in the two 
groups. Thus, granulocytopenia and thrombocytopenia in the infected 
burned rat were related to selective suppression of the marrow 
myelold and megakaryocyte response to burn injury. 

Blood cell kinetics 
In feet ion 
Platelets 
Granulocytes 

-----------
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SUPPRESSION OF GRANULOCYTE AND PLATELET PRODUCTION BURN WOUND 
INFECTION--A LABORATORY MODEL OF SEPSIS IN BURNED TROOPS 

Using a murine model, recent studies 1-3 have d f ined tte altera
tions of hematologic cell kinetics that follow burn injury. ,5 Post
burn blood cell kinetics are characterized by s~ 1rtened survival 
due to cell destruction, followed by increased ·~one marrow activity 
with resultant granulocytosis, thrombocytosis and rapid restoration 
of red cell mass. 

In a clinical burn population, granulocytopenia and thrombocy
topenia often develop coincident with systemic gram-negative infec
tion.6 This response to acute infection has been further studied 
by fo 11 ovli ng granu 1 ocyte, p 1 ate let and red ce 11 changes in the burned 
rat with a superimposed Pseudomonas burn wound infection.7 The 
results have been compared with those obtained previously in unin
fected rats with similar burns. -3 

MATERIALS AND METHODS 

Animals. Male, Sprague-Dawley rats, 225 ± 15 g, were anes
thetized with pentobarbital (1 mg/225 g 1.P.), clipped over 
the dorsal surface, and burned over 25% of the body surface by 
scalding.8 With t he exception of an anesthetic mortality of less 
than 5% such animals have a normal life span and do not develop burn 
wound infection. After burning, these rats were seeded with a broth 
culture of Pseudomonas aeruginosa, USAISR strain 12-4-4, containing 
108 organisms per ml. They were housed separately and offered feed 
and water ad lib. 

Cell Counts. The hematocrit, leukocyte count and differential, 
and platelet count were determined daily from tail vein blood. Red 
cell mass was determined by a 5lchromium-labelled red cell dilution 
technique.3 Total circulating granulocytes were calculated as the 
product of the l eucocyte concentratlon,granulocyte differential and 
blood volume. Blood volumes were calculated from the red cell mass 
using the c ntral venous hematocrit corrected for peripheral dilution.9 
Platelet counts were determined oy phase microscopy and were also cor
rect d fo r blood volume changes. 

Survival Studies. Red cell survival and platelet survival were 
determined with 5lChromium-1abelled ormal rat erythrocytes and pl~te
lets which were injected into the hea rts of recipient rats one hour 
after burning. I ,3 The activity of 0. l cc of recipient tail vein blood 
was monitored daily with a standard we ll counte r. Label disappear
ance was expressed as a per cent of the activity measured one hour 
postinjection and was corrected for daily blood loss (2%), label 
decay, and background, as described elsewhere. I Platelet label 
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distribution four days postinfuslon , expressed as a per cent of in
jecte' label, was determined in spleen, liver, kidney, lung, and both 
burned and unburned skin. 

Bone Marrow Studies. At daily intervals, rat femurs were dis
sected, transected, and flushed with a 10 cc of citrated Ring e r's 
lactate. The cell suspension obtained was centrifuged and the 
cells resuspended in 1% acetic acid for determination of total nu
cleated ce ll counts and megakaryocyte counts with hemocytometer 
microscopy. 1 Differential counts of 200 cells we re made after May 
Grunwald-Giemsa staining of cells suspended in fetal calf serum. 
Cells flushed from the marrow in this manner represent 41.7 ± 2% of 
total femoral marrow cells. I Counts were expressed as flushable 
cells per femur. Myeloid cells were divided into mitotic (myelo
blast, promyelocyte, and myelocyte) and nonmitotic (metamyelocyte, 
band form, and segmented form) compartments, and the myeloid 
mitotic index (mitoses per 100 marr~i mye loid cells) was determined. 

RESULTS 

Pseudomonas infection of the 25% burn wound was lethal to all 
rats between the third and si xth days after seeding. Postmortem 
examination revealed severe pulmonary as well as burn wound infection. 

Circulating Cell Counts. Immediately after injury, total cir
culating granulocytes increased dramatically as seen in Fi~ure 1. 
This probably reflects postburn granulocyte demargination. In con-
trast to animals with uninfected burns, the burned infected animals 
subsequen~y developed a severe circulating granulocytopenia (Fig.1), 
accompan ied by a shift toward granulocyte immaturity (Table 1). The 
circulating platelet count fell soon after burning in both groups 
(Fig. 2), but thrombocytopenia persisted only in the infected group. 
In contrast, early postburn los s of red cell mass (Fig. 3a) was fol
lowed by gradual restoration in both groups. 

Cell Survival. The survival curve of 51chromium-1abe1 led normal 
plat elets infused into acutely burned , infected rats was exponential. 
Platelet survival was shortened, but identical to that in rats with 
uncomplicated burns (Fig. 4). Four days after infusion, platelet 
label distribution in the spleen, liver, kidney, and lung was com
parable in control, burned, and burned, infected animals (Fig. 5). 
In both burned and burned, infected animals, however, there was a 
50-fold increase in label accumulation in the burn wound over that 
in an equal surface area of unburned or control skin. 51c~romium
labe11ed red cell survival was similar in burned and burned, i nfected 
animals (Fig. 3c) and differed from control .animals by an early loss 
of red cells. 

Bone Marrow Content. Burned, infected rats displayed a progressive 
fall in total marrow nucleate':l~Gls (Table 2), reflecting progressive 
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Figure 1. Total circulating granulocytes in burned rats with 
and without Pseudomonas burn wound infection. Data are expressed 
as means± 95% CL. 
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Figure 3c. Per cent survival of 51chromium labelled normal 
ra t red ce lls infused one hour postburn into burned rats with and 
wi t hout Pseudomonas burn wound infection. 
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depletion of both mitotic and nonm i totic myeloid cell compartments 
(Fig. 6). The myelold mitotic index was slightly lower than the 
preburn level (Table 3) and contrasted with the brisk mitotic 
response in rats with uninfected burns. Since marrow erythroid pre
cursors were not significantly diminished (Fig. 3b, Table 2), the 
erythroid:myeloid (E:M) ratio changed from 0.9:1 to 20:1 by the 
third postburn day in the infected group (Table 2). In contrast 
to the proliferative response of marrow megakaryocyte precursors to 
uncomplicated burn injury, no sustained megakaryocyte response 
developed in the presence of infection (Fig. 7). 

DISCUSSION 

Granulocytopenia and thrombocytopenia, known to occur in burn 
patients with gram-negative infections,6 occurred in this laboratory 
~urn model in association with Pseudomonas infection of the burn 
wound. 

Following initial demargination manifested by a granulocytosis 
in both groups, total circulating granulocytes fell to significantly 
lower levels in animals with infected burns than in animals with un
infected burns. This was directly related to severe depletion of the 
myeloid marrow, including both mitotic and non-mitotic compartments, 
in infected animals. In marked contrast, increased mitotic activity, 
precursor cell proliferation, and rapid restoration of marrow granu
locyte reserves were seen following burn injury alone. 

The persistence of thrombocytopenia in infected, burned animals 
was related to depression of the marrow me;akarocyte response normally 
associated with burn injury. Postburn platelet destr~ction was not 
enhanced, nor was organ sequestration of platelets slg~ificantly 
altered by acute infection. 

In contrast, restoration of the circulating red cell mass post
burn was equally prompt in infected and uninfected animals fo l lowing 
early red cell destruction. Although the erythroid marrow counts in 
rats with infected burns were lower than in rats with standard burns, 
the difference was not statistically significant. 

Thus, Pseudomonas infection selectively suppresses the myeloid 
and megakarocyte marrow response to burn injury. The mechanism of 
this suppression has not been defined by this study, but the apparent 
selectivity suggests that marrow function is altered distal to the 
unconrnitted stem cell. This could involve a general depression of 
marrow function, or it could represent a more specific inhibition of 
the proliferative response of granulocytes and megakaryocytes to 
burn injury. 

In this study Pseudo, onas cell fractions and endotoxin were not 
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administered to burned rats to determ ne the agent responsible for 
mJrrow suppression. Others have stud erl the response to endotoxin, 
which usually elevates the c irculatinl gr~nulocyte count by induc
ing release of mat~re marrow celJslO, I and stimulating precursor 
proliferation. 12-1 4 There is some recent evi dence, howeve r, that 
larger endotoxin doses may have an inhibitory ~ffect on myeloid 
cell colony stimulation in the mouse. 15 In that ~t udy t he ill vitro 
application of endotoxin to agar cultured colonies also depressed 
growth. Platelet counts are usually depressed by endotoxin, which 
has been shown to alter the s t ructural integrity of the platelet. l6 
Increased platelet destruction did not occur in the infected, burned 
rats in our study. 

It has been previously repor t ed that granulocyte function is 
impaired following burn injury. 17 If acute myelo id marrow failure 
i s superimposed in Pseudomonas J nfec t ion in ·the burned pa tient, it 
wo~ ld accentuate this deficit in the host defense by f urther reduc
ing his capacity to respond adequately to infection. 

SUMMARY 

The hematologic response of thermally injured pat ients to gram
negative infections has been reproduced in rats with lethal Pseudo
monas burn wound infection. 

Peripheral granulocytopenia and thrombocytopenia in the infected, 
burned animal are related to selective suppression of the marrow 
granulopoiesis and thrombopoiesis which are normally stimulated by 
burn injury. Peripheral cell destruction is not additionally enhanced 
by infection. 
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To examine the role of catheter composition in thrombophlebitis, 
mongrel dogs have had their external jugular veins catheterized 
using silastic and polyethylene catheters. The polyethylene cath
eters produced a marked reaction and thrombophlebitis with 
thrombosis of the vein, whereas the silastic catheters produced 
little reaction. After further histologic examination of the 
catheterized veins, attempts will be made to produce transient 
bacteremias in catheterized dogs to determine whether or not 
bacteria will localize in the veins which have become thrombosed. 
Following this, A-V shunts will be created to determine the effect 
of flow and catheter composition on thrombophlebitis. 

Suppurative t~rombophlebitis 
Thrombophlebitis 
Intravenous catheters 
Long-term intravenous therapy 
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THROMBOPHLEBITIS - ETIOLOGY AND PREVENTION IN 
BURNED MILITARY PERSONNEL 

The development of prolonged intravenous fluid therapy has also 
created the problem of infusion thrombophlebitis. In most reports, 
the incidence varies between 26 and 32 % (Andreasen, 19691; Swanson 
et al., 19692). An additional complication has been that of suppura
tive thrombophlebitis (Stein et al., 19703). Suggested etiologies 
of this thrombophlebitis have included (a) pH of the infusate, (b) 
duration of the infusion, (c) size of the cannula, (d) presence of 
bacteria, (e) cannula composition, (f) composition of the infusate 
itself, (g) venous flow characteristics, and (h) skin preparation 
and technique of venipuncture (Fonkalsrud, 19694; Fonkalsrud et al., 
19685; Matzger, 19716; Tse et al., 19717; Nejad et al., 19688). 

Initially, attempts were made to evaluate the different cathe
ter compositions in the rabbit ear veins. However, the size of 
the silastic catheter precluded using rabbits. Therefore, it was 
decided to use mongrel dogs whose external jugular veins are 
ca t heterized, one side with polyethylene and the other with silas
tic catheters. The catheters are placed in the veins by exposing 
the veins through a small surgical incision, and then the skin is 
closed over the catheter. Ten days after introduction of the 
catheter, the animals are sacrificed and the catheters with the 
veins are rsnoved en bloc. 

Preliminary studies show the polyethylene catheters to produce 
a great deal of reaction and thrombophlebiti s with extensive tissue 
reaction around the vein, necessitating en bloc dissection of the 
vein and surrounding muscles. Silastic catheters, on the other 
hand, produce very little reaction, and the vein can be dissected 
free. In most cases, the silastic catheterized vein remains patent. 
After the examination of approximately 6 more dogs for the develop
ment of thrombophlebitis, an attempt will be made to produce tran
sient bacteremias in order to seed the thrombophlebitic veins and 
hopefully, cause a suppurative thrombophlebitis. Next, A-V fistu
las will be created and the role of flow along with catheter compo
sition in the development of thrombophlebitis will be examined. 

SUMMARY AND CONCLUSIONS 

Cannuli,ation of the external jugular veins of dogs with either 
polyethylene or silastic catheters has result~d in the development 
of marked thrombophlebitis in the veins catheterized with polyethy
lene catheters, Those catheterized wi th silastic have evidenced 
little reaction. Becau~e these catheters are buried subcutaneously 

~ 1 
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and there is no infusate, it would appear that catheter material 
plays a significant role in t i, e development of thrombophtebitis, 
Further plans include the examination of the role cf transient 
bacterernia in development of suppurative thrombophlebitis, and 
the role of flow in the development of thrombophlebitis will be 
examined by the creation of A-V fistulas. 
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ABSTRACT 
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Curling's ulcerations of the gastroduodenal mucosa remain a 
serious canplication of t hermal injury. Previous studies from 
this Institute have demonstrated normal levels of gastric acid 
secretion in a burn population and suggested that deficits in gas
tric mucous production may create a relat ive hyperacidity. This 
would assll'fle greater significance if the gastric mucosa has been 
damaged by postburn ischemia. 

Recent radioinmunoassay techniques have allowed sensitive 
measurements of serum gastrin, the hormonal stimulus for gastric 
acid secretion. Since levels had not been previously determined 
in stress situations, they were measured serially in a population 
of patients with extensive thermal injuries. 

Serum gastrin levels in these patients fell into the lower 
portion of a range previously documented in presumably normal con
trol patients. There was no apparent relation to burn size, the 
interval postburn, sepsis, or gastrointestinal bleeding. 

Gastrin Curling's ulcer 
Gastric secretions 

* Present address: Division of Gastroenterology,J.Hillis-Miller 
Health Center, University of Florida, Gainesville, 
F'lori da 
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GASTRIN LEVELS FOLLOWING THERMAL INJURIES OF 
MILITARY PERSONNEL 

Although acute gastroduodena1 ulceration in burn patients has 
been correlated with burn size and sepsis , the precise etiology re
mains obscure.1-5 Altered secretion of gastric acid does not dis
tinguish a burn population in general or patients with ,Curling's 
ulcer within that population.6 O'Neill, however, has dE,T1onstrated 
a quantitative depression of mucous production in burned dogs7 and 
many investigators have proposed that the gastric mucosa is damaged 
by early postburn ischemia.1,8,9 In this milieu normal acid levels 
could represent a relative but significant hyperacidity. 

D f . . . f h h 1 . 1 f t · ·d t· to-t 4 e 1n1t1on o t e ormona st1mu us or gas r1c ac1 secre 10n 
has been rapid following the isolation of gastrin from antral 
1nucosa in 1962 and its laboratory synthesis in 1964.15 The develop
ment of a sensitive radioirrwnunoassay16 has permit t ed accurate 
quantitation of serum gastrin levels in a number of utcerogenic 18_

19 states including t28 Zollinger-Ellison syndromeA17 hypercalcE,T1ia, 
perni cious anE,T1ia, and peptic ulcer disease. 1~,21 Since serum 
gastrin levels in stress situations have not been reported, they 
have been measured serially in a population of patients with ex
tensive thermal injuries and form the basis of this communication. 

METHODS 

Twenty-two patients admitted to the US Army Institute of Surgical 
Research between NovE,T1ber 1970 and September 1971 were included in 
this study. Each was ad1,1ittea to the Institute in the first week 
postburn and extent of burn ranged from 30 to 90% of the total 
body surface. Patient ages ranged from 2 to 68 years but a homo
geneous group was formed by 16 patients of ages 18 to 36 years. The 
presence of only 4 females in the group reflec ted the composition 
of the military po ulation served. 

All patients were resuscitated using the Brooke formula 22 a5 a 
guide to fluid administration and their burns were treated topic
ally with mafenide acetate cream. Nasogastric suction was employed 
until normal gastrointes inal function returned and was used t o 
relieve any subsequent gastric dilatation. Active gastrointestinal 
bleeding was treated by iced saline 1ava~e and sedation. In no 
patient was hypercarbia documented during the course of the study 
and no patient received intravenous hyperalimentation. 

Blood specimens were dr a~n after an overnight fast from each 
pa t ient at postburn intendls of one, 2, l+ and 6 weeks. The sera 
were collected by centrifuga t ion and immediately frozen. At a later 
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date they were thawed and gastrin levels determined by the radio
irm,unoassay technic of McGuigan.16 

Due to the difficulty inherent in manipulating these severely 
burned patients for gastric collectioni, the secretory studies 
performed previously in this Institute ,7 were not repeated. 

RESULTS 

Serum gastrin levels are tabulated with the clinical data in 
the Table. The representative nature of this burn group is indi
cated by the relatively high incidence of sepsis (9/22) and con
current massive upper gastrointestina bleeding (3/22). All 3 
patients with significant gastrointestinal bleeding died. At 
autopsy 2 had gastric ulcerations and the other a large duodenal 
ulcer. Two other patients died of sepsis later in their hospital 
courses. 

All serum gastrin levels fell within a range previously re
corded in a control population21 but tended to reside at the lower 
end of this range. This may be explained by the younger age of 
the burn study group, for gastrin levels appear to be age re1ated.2l 

In the gastrin data there were no patterns discernibly related 
to magnitude of burn injury, postburn interval, sepsis, or gastro
intestinal bleeding. The levels associated with clinical hemorr
hage were 235 pg/ml (Patient Nu. 3), 65 pg/ml (Patient No. 19), 
and 110 pg/ml (Patient No. 22). 

DISCUSSION 

Normal serum gastrin levels in patients with extensive thermal 
injuries are consistent with 0 1 Nei!l's demonstrdtion of unaltered 
acid secretion in this population. He, also, noted no significant 
difference in patients with actual ulceration. 

These findings strengthen che suggestion that Curling'5 ulcer, 
like other trauma-related stress ulcers and steroid ulcirs, reflects 
a deficiency in the gastroduodenal mucosal barrier. 23,2 An asso
ciation with postburn serum corticosteroid e1evations25-27 has been 
suggested by the similarity between mucosa geficits after burn 
injury7 and those in steroid-treated rats. 2 On the other ~and, 
adrenalectomized animals are not protected from stress ulceration.29,10 

Another hypothesis is that stress ulceration is related to the 
reflux of intestinal chyme into the stomach accompanying shock. 
This has been shown to indu~~ histologic mucous deficits and sub
sequent mucosa) ulceration.Jl,32 Indeed, ion flux studies of acid 
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bathed gastric mucosa have demonstrated decreased mucosal resis
tance to hydrogen ion back diffusion from lumen to mucosa in 
animal s after contact with bile salts.33,34 A similar change in 
mucosal permeability has occurred after exposure to serotonin,35 
a compound which produces~ in the experimental animal, lesions 
similar to stress ulcers.,5,36 

By demonstrating that the hormonal stimulus for gastric acid 
secretion,as well as the actual secret fon itself, is unaltered by 
burn injury, our study reemphasizes the apparently secondary role 
of gastric acid in Curling's ulcerogenesis. 

St»\MARY 

Serl.11'1 gastrin levels have been measured in a group of patients 
with extensive thermal injuries. The) are unaltered by burn in
jury nor do they correlate with burn size, sepsis, or development 
of gastroduodenat ulceration. 

This is consistent with previous acid secretory studies and 
suggests that Curling's ulcer diathesis is determined primarily 
by deficits in the barrier function of the gastric mucosa rather 
than by abnormal acid production. 
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A short clinical evaluation of this new ketamine-like anesthetic 
was conducted by the Anesthesia Section, US Army Institute of 
Surg ical Research. Two patien ts for debridement were anesthetized 
with CL1848C, using total doses of 1.25 mg/kg and 2.25 mg/kg. In
t raoperatively, the anesthetic appeared to produce effects similar 
to those of ketamine except tha t random movements of head and 
extremities, and vocalization occurred, which could not be alle
viated with additional doses of CL1848C, and which interfered with 
completion of the proposed surgery. Postoperative recovery was 
quite prolonged. The 2 patients did not feel completely normal 
until 40 hours and 86 hours postoperatively. Postoperative 
analgesia was good, but perceptua l alterations, dreams, and fear 
of death made the recovery period unpleasant. 

Etoxadrol 
CL1848C 
Burn anesthesia 

From t he Department of Anes thesiology, Brooke General Hospital, 
Brooke Army Medi cal Center, For t Scrn Houston, Texas 78234. 
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CLINICAL EVALUATION OF ETOXADROL (CL1848C) FOR 
USE IN BURNED MILITARY PERSONNEL 

Etoxadrol (CL1848C), a new intravenous dissociative anesthetic, 
similar in effect to ketamine, is under investigation conc~rning 
its efficacy in the anesthetic management of thermally injured 
patients. 

A pilot study of 10 patients has been undertaken to observe 
the anesthetic properties, the physiologic effects, and the post
operative psychological manifestations of CL1848C when used for 
elective operations during the course of burn management. 

Progress: Two patients have thus far received CL1848c, and 
their case reports follow: 

Case No. 1. The patient was a 29 year old caucasian male 
who had received 3"/4 total body surface electrical burns on 5 Oct 
1971 to the left foot, left lateral thigh and buttocks, all third 
degree. At the time of his accident, he sustained a fall and a 
mild concussion, from which he was completely recovered. He was 
scheduled for operative debridement of his burn wounds on 12 
October 1971. He was otherwise in excellent health. 

The patient was premedicated only with atropine, 0.8 mg IV, 
10 minutes prior to the induction of anesthesia. At 0845, he 
received 60 mg (0.75 mg/kg) of etoxadrol W'lich was given over a 
period of one minute. Blinking and flickering of the eyelids 
began approximately one minute later and at the same time the 
patient became unresponsive to conrnands. Mild to moderate spon
taneous random movements of the head and all extremities also 
began at this time and continued throughout the anesthetic. Lip 
smacking and extension of the tongue occurred frequently and 
sighing, clearing of the throat, and vocalization only occasion
ally. Withdrawal from the surgical stimuli was not abolished by 
2 additional doses of 20 mg etoxadrol each at 0910 and 0920, but 
was relieved someW'lat by the addition of N20 (6 L) and o2 (3 L) 
by mask at 0925. The surgical procedure was concluded at 0948. 

The airway was well maintained until nitrous oxide was added, 
at which time t he tongue became flaccid and the patient required 
a nasal pharyngeal airway. The mouth had become rigidly closed 
at this time. Ventilation was well maintained throughout the 
anesthetic, and tidal vollMTles varied from 700 to 1400 cc. However, 
the pattern of ventilation, particularly after the operation was 
begun, was uneven. Arterial blood gases drawn at 0907 revealed 
a p02 of 98, Pco2 34, and pH 7.44. 
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A mild hypertension and tachycardia were noted shortly after 
induction, but the highest pressure recorded was only 160/90 mm Hg. 
The ECG revealed a sinus rhythm at all times. 

A rectal temperature probe revealed a temperature of 98.8° F 
on induction, which rose to 99.2 at the end of the procedure. Al
though a circulating water blanket was used at a temperature of 
98, the patient was, for the most part, undraped and the ambient 
temperature of the operating room was 64° F. Under similar circum
stances, a patient anesthetized with halothane in our operating 
theater would be expected to decrease his temperature 2 to 5 degrees. 

At the conclusion of the procedure, the patient was taken to 
our recovery area which is for the most part quiet and private. He 
became arousable and was able to move extremities on comnand at 
1010 hours. He could give his name at 1125 and name the hospital 
by 1225. During this early recovery phase, he could remember 
dreams of a pleasant nature. 

Complete control of eye movement and speech was not regained 
until much later. Nystagmus was still present, and the patient 
complained of blurred vision. When he opened his mouth to speak, 
often lip movement without sound was produced. At 2200 hours that 
night, there had been no further recovery, and the patient com
plained of seeing visions of his childhood (from about age 4 on) 
and of an accident which he had had in Vietnam several months be
fore. He also had at this time a feeling t~at he was dying or 
dead. On questioning the patient, · it was felt that he was some
what anxious about his prolonged recovery, and it was elected to 
sedate him for t~e remainder of the night. He was given 100 mg 
pentobarbital IV a~d l~ter 100 mg IM. The next morning, all that 
remained of anesthetic r·esidual was blurred vision and a feeling 
of generalized nl.lTlbness. However, the patient did not feel that 
he was completely normal until approximately 40 hours postopera
tively. 

On direct questioning, the patient did not feel that he would 
like to have the drug for his next procedure. He also stated that 
he had been completely free of pain throughout the 2 days of re
covery. 

The patient was subsequently anesthetized with ketamine, and 
later with thiopental, N20, and O, both techniques providing 
adequate operative anesthesia wit~ recovery periods of normal 
duration and free of complications . 

Case No. 2. The second patient was a 54 year old white female 
who was in her usual state of good health when her clothes ignited 
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accidentally and she received a 21 % total body surface burn on 5 
Oct 1971. She was evacuated to the Institute of Surgical Research 
on the same day. 

Her past medi ca l history was normal except for previous surgi
~al procedures - appendectomy, hysterectOOly, and hemorrhoidectomy. 
Anesthesia in previous procedur es was spinal in all cases a.1d 
without sequelae or complications. She is also under treatment 
for a ~hr·~ is and receives aspirin and Premarin. 

Her r e·uscitation in the initial post burn period was unevent
ful, and her wound remai ned free of infection. On 8 Nov 1971, 34 
days after her injury, she was brought to the operating room for 
debridement of her burns and heterograftin~. An intravenous in
fu sion wa s sta rted, and at 0835 hours, atropine, 0.01 mg/ kg, was 
given intravenously. At 0845, anesthesia was induced with 1 mg/kg 
of etoxadrol, s lowly, over 2 to 3 minutes. The patient appeared 
to lose consciousness over the next 2 or 3 minutes, but verbalized 
with a moaning sound in response to being touched during her 
surgical preparation. Ten minutes after induction, it was decided 
to give her another 1/2 mg/kg of etoxadrol to see if the moaning 
could be stopped. It was not succecsful, and, therefore, 10 
minutes later, another 1/2 mg/kg \-Jas given. The patient had mild 
random movements and only once withdrew from h~r surgical stimula
tion; however, her moaning in response to painful stimuli continued, 
and, therefore, 35 minutes after induction of anesthesia, it was 
decided to add nitrous oxide in a concentration of 60% oxygen to 
her anesthetic management. Ten minutes later, another 15 mg of 
etoxadrol was given and repeated again in 10 minutes 1 Surgery 
continued uneventfully for a total duration of 80 minutes. Blood 
gas measurements mad e during the operation were reported as normal. 
Her temperature remained at a normal level without elevation or 
drop during the entire operation, an unusual finding in our opera
ting room where temperatures usually decrease due to exposure of 
uncovered areas of skin. There was a slight hypertension and 
tachycardia, which developed immediately after induction, but this 
was not to a level of any concern. The total dose of etoxadrol 
was 2 1/ 2 mg/kg for an 80 minute procedure. The surgeons s tated 
that they felt operating conditions were satisfactory to excellent. 
However, the moaning was of some concern to both the surgeons and 
to us, the anes thetists. On the addition of nitrous oxid ~ to the 
regimen, the patient's airway became somewhat difficult t0 main
tain. The patient was removed to the recovery room 5 rr.inu t s after 
completion of the operation. She was compl e tely unr esponsive with 
minor random motor activity. She required a nasal airway for main
tenance of good respiration without obstructi on. She first became 
arousable lS minutes after arrival in the recovery room, but could 
not respond to verbal conmands, onl to painful st i,nul i. She was 



44-4 

unable to follow any conmands for 8 hours postoperatively. During 
this period, she appeared to be dreaming and frequently in a state 
of panic, occasionally yelling 11help11 • Random movements increased, 
and throughout the night the patient hallucinated and screamed 
wildly. It was necessary several times through the first night to 
sedate her with Nembutal, SO mg intramuscularly. Twenty-seven 
hours postoperatively, the patient finally appeared calm, knew 
her name, and realized that she was in the postoperative state. 
She recalled hallucinating at some length, and remembered it as 
being unpleasant. At this time, she stated she would not like 
the anesthetic again. According to her estimation, she did not 
feel entirely normal until approximately three and one-half days 
postoperatively. From o~r ~bservations, we concur with this 
est i mation. 

The patient subsequently underwent 2 additional anesthetics, 
one under ketamine and the other under Halotha"e, both of which 
were uneventful. The patient responded in a n •r :nal fashion to 
both anesthetics, with none of the effects seen under ~toxadrol. 

SlJo\MARY 

Intraoperatively, the drug produced anesthesia quite similar 
to that seen with ketamine. Both patients studied received large 
doses of CL1848C (1.25 mg/kg and 2.25 mg/kg) according to the 
normal anesthetizing dose determined at another institution. Yet, 
neithe~ patient appeared to be fully anesthetized with CL1848C, 
and both required supplemental agents to complete the intended 
surgery. 

Both patiants had prolonged unpleasant recovery periods, 40 
hours and Bl hours, respectively. 

Based on the work done here and reports of cases done else
where, it would appear that CL1848C is indeed very much like 
ketamine, but much longer acting, and without the potency required 
to produce sufficient anesthesia in most patients. Continuation 
of this investigation is awaiting preliminary reports from other 
i nvestigators regarding the effects of premedication on obtaining 
adequate surgical anesthesia. 

PRESENT~TIONS AND/OR PUBLICATIONS 

None 
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Metabolic alkalosis is a common acid-base disturbance seen in 
injured or severely ill troops. This study was designed to fully 
examine the pathophysiology of this disorder. The development and 
correction of hypokalemic metabolic alkalosis and contraction alka
losis has been studied in dogs. The effect on acid-base balance of 
selective aldosterone deficiency has been also studied. Since it 
soon became apparent that aldosterone played a key role in this dis
order, its effect on Na transpo r t along the entire nephron has been 
examined. Metabolic alkalosis cannot be generated by the kidney 
in the absence of hyp raldosteronism. Metabolic alkalosi s can be 
maintained by the kidney, however, provided a stimulus to proximal 
reabsorption exists. Potassium deficiency can result in metabolic 
alkalosis provided hyperaldosteronism exists. No effect of aldos
terone on sodium transport at any site of the nephron save th e 
distal exchange site has been demonstrated. Aldosterone may exert 
an effect on the transport of other electrolytes by the kidney. 

Aldoste rone 
Chloride 
Potassium 

Extracellular volum 
Me tabolic alkalosis 
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EFFECT OF CHLORIDE AND EXTRACELLULAR VOLUME ON CORRECTION OF 
METABOLIC ALKALOSIS--A COMMON PROBLEM IN THE INJURED TROOP 

In the last decade our understanding of the pathophysiology of 
metabolic alkalosis has greatly increased. The expansion of our 
knowledge in this field has been almost entirely due to the efforts 
of Schwartz and co-workers. 1-7 While this work is large and varied 
it can be summarized as follows. With two exceptions (marked po
tassium depletion and primary aldosteronism) metabolic alkalosis 
requires chloride deficiency for its genesis and chloride repletion 
for its correctiQn. These observations have been the subject of an 
excellent reviewH which should be consulted for the full details of 
the work mentioned above. Schwartz and his colleagues have inter
preted their data as indicating a major role for chloride in the 
genesis, maintenance and correction of metabolic alkalosis. They 
have also interpreted their data as indicating a minimal role for 
potassium in the genesis, maintenance, and c~rrection of metabolic 
alkalosis. 

In the past several years a series of studies from our 1abora
tory9,10 and those of othersll-14 have presented evidence that re
quires a reappraisal of the pathophysiology of metabolic alkalosis. 
This paper summarizes this recent data and presents new data con
cerning metabolic alkalosis. These data show important roles for 
extracellular volume, the state of body potassium stores; and mineral
ocorticoid excess in the genesis and maintenance of metabolic 
alkalosis. 

CONTROL OF RENAL BICARBONATE REABSORPTION 

Metabolic alkalosis may be defined as a primary abnormal patho
physiologic event characterized by a gain of bicarbonate ion or a 
loss of hydrogen ion. Thus, extracellular fluid contains more bi
carbonate than under normal circumstances. Persistent metabolic 
alkalosis is a common clinical o,cur rence. The fact that it may per
sist even when no new bicarbonate is added to extracellular fluid 
is a priori evidence that the kidney is reabsorbirgmore bicarbonate 
than under normal circumstances. Were it not doing so metabolic 
alkalosis would soon correct as a result of renal bicarbonate loss. 
It is, therefore, imperative to understand the various mechanisms 
that control bicarbonate reabsorption by the kidney before attempting 
to make any explanation of the forces called into play during the 
generation or correction of metabolic alkalosis. 

Bicarbonate is believed to be reabsorbed in the proximal and 
distal convoluted tubules. It is uni ikely that large amounts of 
bicarbonate are reabsorbed, in the loop of Henle.IS Bicarbonate 
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is reabsorbed by hydrogen ion secretion in exchange for sodium 
in the proximal tubule (Fig. 1), and hydrogen or potassium secretion 
in exchange for sodium in the distal tubule. Carbonic anhydrase 
which catalyzes the hydration of CO2 to carbonic acid is found in 
both proximal and distal renal tubular epithelial cells and on the 
luminal surface of proximal tubular epithelial cells. l6 When hydro
gen ion is secreted into the tubular lumen sodium enters the tubular 
eel 1. It , along with the bicarbonate ion that resulted from the 
breakdown of carbonic acid, is returned to the circulation. It is 
important to remember that sodium may also be reabsorbed as sod ium 
chlodride , in which case electroneutrality is maintained not by 
cation exchange, but by the passive diffusion of chloride across 
the tubular epithelium which accompanies the active reabsorption of 
sodium. 

Hydrogen secretion, and therefore bicarbonate reabsorption, will 
be increased by any event that elevates the intracellular concentra
tion of hydrogen ion. It is for this reason that both potassium de
ficiency and hypercapnia result in increased bicarbonate reabsorp
tion. Potassium deficienry causes potassium to leave cells in ex
change for hydrogen, and hypercapnia results in intracellular acid
osi s because of increased formation of carbonic acid. Conversely . 
increased body potassium stores and hypocapnia decrease intracellular 
hydrogen ion concentration resulting in decreased bicarbonate re-
absorption. 

Recently, it has been demonstrated that the state of extracell
ular volume (ECV) exerts a major effect on bicarbonate reabsorp
tion.9,14 When volume is expanded sodium reabsorption is inhibited 
which secondarily results in depressed bicarbonate reabsorption. 
When volume is contracted sodium reabsorption is stimulated and so is 
that of bicarbonate. 

Huch evidence has been presented suggesting that chloride de
ficiency stimulates renal bicarbonate reabsorption.1-8 Since 
chloride depletion almost invariably means salt depletion which 
results in contracted extracellular volume, and since ECV contraction 
stimulates bicarbonate reabsorption, it is unclear if chloride plays 
any primary role in bicarbonate reabsorption Independent of its ef
fect on volume, Current evidence would indicate that all the effects 
of chloride on bicarbonate reabsorption are mediated through changes 
in effective ECV.17 

When the regulatory role of extracellular volume over bicar
bonate reabsorption was elucidated it became necessary to reevaluate 
the role of potassium as a regulator of bicarbonate reabscrption. 
Huch of the evidence that changes in body potassium stores directly 
resulted in changes of renal bicarbonate reabsorption rested on evi
dence obtained from studies in which potassium chloride or potassium 
bicarbonate were infused into animals also receiving sodium 
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HCOi + Na+_.....,.,. Na+-+-~ 

H• f Hco; 

H2CO3 
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H20 + CO2----- +CO2+ H20 

Blood 

Figure 1. The mechanism of prqximal tubular bicarbonate 
reabsorpt I on. 

HC03 
Reabsorption 

Na Cl P.xcretion 

Figure 2. The relati onship of bicarbonate reabsorption 
to NaCl excretion (and inferentially ECV expansion) in potas
siumloaded,normal, and potas sium depleted subjects. 
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bicarbonate. 18 Such maneuvers resulted in marked depression of 
bicarbonate reabsorption. It is readily apparent, however, that 
administration of large amounts of sodium bicarbonate, and potassium 
chloride or potassium bicarbonate inevitably results in extracellular 
volume expansion. It was possible, therefore, that potassium loading 
resulted in depressed bicarbonate reabsorption as a consequence of 
extracellular volume expansion rather than as a consequence of a 
direct effect of potassium on proximal tubular epithelial cells. 
Further doubt was cast concerning the direct regulatory role of po
tassium on bicarbonate reabsorption by the observation that hypo
kalemic metabolic alkalosis could be corrected by the administra
tion of sodium chloride.7 Patients with hypokalemic metabolic al
kalosis by definition have high reabsorptive rates for bicarbonate; 
it has long been assumed that this was at least in part due to the 
accompanying potassium deficiency. When saline was admini s tered to 
these patients and metabolic alkalosis corrected it was assumed that 
the reabsorptive rate of bicarbonate was now normal despite the fact 
that potassium deficiency had not been corrected. Thus it was 
tempting to downgrade the role of potassium as a major etiologic 
agent of metabolic alkalosis. 

That potassium exercised a regulatory role over renal bicarbonate 
reabsorption independent of an effect attributable to volume was 
demonstrated by us. 19 We measured bicarbonate reabsorption in three 
groups of dogs at varying levels of salt excretion (Fig. 2). The 
three groups of animals studieJ were a normal group, a potassium 
loaded group, and a potassium depleted group. We showed that at any 
one level of sodium excretion bicarbonate reabsorption was higher in 
the potassium depleted animals than in the normal animals and higher 
in the normal animals than in the potassium loaded dogs. When salt 
excretion was very low, and inferentially volume markedly contracted, 
there was no difference in bicarbonate reabsorption between the three 
groups. From these data we concluded that volume expansion de-
pressed bicarbonate reabs rption to the same degree in potassium loaded, 
normal, and potassium depleted animals, but that independent of volume 
the state of body potassium stores exerted an effect on the level at 
which bicarbonate reabsorption was set. We also concluded that volume 
contraction was such a major stimulus to increased bicarbonate reab
sorption that it could completely overcome the depressive effect of 
potassium loading on bicarbonate reabsorption. Thus, during volume 
contraction one would expect the effect of varying levels of body 
potassium stores on bicarbonate rcdbsorption to be completely obscured. 

These findings susgested that the reason patients with hypokalemic 
metabolic alkalosis could have their acid-base disturbances corrected 
by the administration of saline alone was the simple fact that bicar
bonate reabsorption in hypokalemic subjects is just as responsive to 
the depressive effects of volume expansion as it is in normal subjects. 
It further seemed likely that, while saline administration restored 
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plasma bicarbonate conce n rat ion to r,o rrnal in pat ients with hypo
kalemic metabolic alkalosis, b ica rbona t r al:, so rption was not 11 normal 11 

in that it would have been lowe r in 11 normal 11 subj ects similiarly 
treated. Another possibility was t hat these clearance studies did 
not related to the steady state s i t ua ti on. I t was obvious that 
further balance studies of hypoka lem ic ~e t abolic alkalosis were 
indicated . 

The relationship of aldostc rone to metabolic a lkalosis has long 
been perplexing. Evidence has been presented both for and against 
its role as a major etiologic factor in metabolic alkalosis. We 
studied20 the effects of aldosterone deficiency on rena l bicarbonate 
reabsorption and found that proximal tubular bicarbonate reabsorp
tion occurs independent of any effec t of aldosterone. The pposite 
w~s found to be true in the case of the distal tubule; aloosterone 
deficiency was found to markedly impair the ability of the distal 
tubule to secrete hydrogen ion, and thus to impair its ability to 
reabsoru or regene rate bicarbonate. With these observations in the 
background we underto0k the following investigations of the patho- · 
physiology of metabolic a lkalosis. 

GENERATION AND MAINTENANCE OF METABOLIC ALKALOSIS 

METHODS 

A. he ef fects of potassium depletion on three groups of dogs 
were studied. The dogs received the potassium exchange resin sodium 
polystyrene ~ulfona te 2 gm/kg/day for seven days and desoxycorticost
e rone (DOCA) 20 mg / day by intramuscular injection for 1·4-16 days. 
They receiv d a 11 ze ro11 electrolyte diet, identical to that described 
by Cohen, 13 t o wh ich 85 mEq of NaCl were added daily in the case of 
the first group . The s econ d group had 85 mEq of NaCl and 35 mEq of 
NaHC03 add d to the diet dai 1 y, while the third group had 17 mEq/ 
day of NaCl and 35 mEq/day of NaHC03 added to their diet. Twelve 
dogs made up the first group, 7 the second, and 11 dogs comprised 
the third group. The dogs in thi s third group were further studied 
by d iscontinuing the daily dos of DOCA and then gradually increas
ing i until metabolic a lka losi s r deve loped. At this point 35 
mEq/day of KHC03 was sub s titut ed .for th 35 mEq/day of NaHC03 that 
had been added to these anima ls ' d i t . 

B. Si~ dogs were s ubj c t ed t o bilate ra l adrenalectomy and ma in
tained on 0.75 mg/day of dexam t hasone and 0.5 mg/day of DOCA. Th y 
were given 2-3 wee ks to r cover from t h ffects of surgery and t h n 
studi ed. The daily dos of DOCA was r ised to 20 mg; potassium x
change resin was also given for 7 days. When metabolic alkalosi s 
had develop d the dose of DOCA was lowe red to 0.5 mg/day. When t he 
study was completed all the electrolytes were removed from the 
dog 's di t, . urinary sodium excretion was then monitored as a check 
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of the adequacy of mineralocorti coid replacement. 

C. Six dogs who had recove red from bilatera l adrenalectomy 
were studied. They were placed on a 11zerd 1 el ec trolyte diet and 
treated with 0.75 mg/day of dexame thas one, 20 mg / day of D0CA, and 
20 mg/day, intravenous furosemide. This protocol was followed for 
six days during which time the obse rvations reported below were made. 
The animals were then allowed to recover by being p laced on the regu
lar kennel diet and maintenance dexame thasone and D0CA. After 2-3 
weeks had elapsed the animals were placed on the ''zerd' e lectrolyte 
diet and again treated with 20 mg/day of furos em ide . The da ily doses 
of dexamethasone and DOCA were kept at 0.75 mg and 0.5 mg respec
tively. Measurements were again made over the ensuing six day s . The 
order in which these two protocols were performed was varied from 
dog to dog. 

D. A group of 6 dogs was treated in a fashion identical to tha t 
described above in Section A, Group I II. When metabolic alkalosi s 
was fully developed all electrolytes were removed from the dog's diet. 
When the animals elaborated a salt free urine the daily dose of D0C A 
was reduced to 0.5 mg. 

The analytic techniques used to meas~re Na, K, Cl and HC03 were 
identical to those previously described.9,10,20 

RESULTS 

A. The effects of potasslwn depletion and high dose D0CA ad
ministration for the three groups of animals studied are presented 
in Figure 3. The mean plasma potassium concentration was 2.3 mEq/L 
for each of the three groups; the degree of potassium depletion for 
each group was judged to b~ about equal. Th~ mean plasma bicarbon ate 
concentration± SD before and after potassium depletion and D0CA 
administration is sh~w~ for each group. There was a statistica lly 
significant increase in bicarbonate concentration in each grou p. 
The post-potassium depletion bicarbonate concentrations of 26.1 
mEq/l and 29.2 mEq/L in Groups 1 and I I are not significantly dif
ferent from each other. Both were significantly different from the 
value of 34.2 mEq/l obtained in Group I I I. 

These data show that the tendency of potassium depletion and 
mineralocor~lcoid excess to cause metabolic alkalos i s can be s igni
ficantly modified by variations in salt intake . They a re ful ly in 
accord with the clearance data, cited above, that show bicarbonate 
reabsorption in the potassium depleted dog to be d pressed by vol um 
expansion with saline. 

The results obtained from one of the dogs in Gr,oup Ill are pre
sented in Figure 4. Potassium depletion with exchange resin and 
D0CA resulted in a marked drop in the plasma potassium concentration 
and a rapid rise in bicarbonate concentration to we ll in exc ss of 
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Figure 3. The effect of potassium depletion on plasma 
bicarbonate concentration in three groups of dogs receiv
ing varying sodium intakes. 
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30 mEq/L. When DOCA was withdrawn metabolic alkalosis rapidly cor
rected. Metabolic alkalosis did not redevelo~ when the dose of DOCA 
was gradually increased until a level of 15 mg/day was reached . In 
none of the dogs studied were we able to induce metabolic alkalos is, 
using this model, with a dose of DOCA less than 10 mg/day. The 
changes in plasma potassium concentration noted during the pe riod of 
increasing DOCA dosage are due to shifts of potassium ou t of cells as 
the diet contained no potassium. When metabolic alkalosi s had re
developed the dose of DOCA was kept constant at 15 mg/d~y and NaHC03 
was removed from the diet with an equal amount of KHC03 (35 mEq/day) 
substituted. This resulted In an increase In plasma pot ssium concen
tration and a fall in bicarbonate concentration from over 35 mEq/L to 
tontrol levels. Thus metabolic alkalosis was completely corrected even 
though there was no change in the anion content of the dog's diet. 
Similar results were obt~ined from the other animals in this group. Of 
great interest is the observation that all of these animals excreted 
urine that contai~ed no potassium during periods of maximal potassium 
depletion; this despite the continued administration of large amounts 
of DOCA and the excretion of large amounts of sodium. 

B. The results obtained from one of the adrenalectomized dogs 
subjected to potassium depletion as described in Group Ill above is 
presented in Figure 5. When the potassium depletion and metabolic 
alkalosis had been generated the dose of DOCA was reduced to 0.5 
mg/day. This dose was sufficient to allow all of these dogs to 
promptly elaborate a sodium free urine when placed on a salt free diet 
at the conclusion of the study. They elaborated this salt free urine 
whi]e still markedly potassium depleted thus failing to show any de
f ect in NaCl reabsorption in the presence of potassium depletion as 
has been demonstrated in the rat.21 This difference in o~r study in 
the dog as contrasted with the earlier one in the rat may lie in the 
fact that the ability of our potassium depleted animals to conserve 
salt was always tested on the background of maintenance DOCA treat
ment. Potassium depletion may result in hypoaldosteronism which in 
turn results in salt wastage. This group of animals was studied to 
eliminate the possibility that the correction of metabolic alkalosis 
seen In Group A following discontinuance of DOCA was due to aldos
terone deficiency induced by the effect of potassium deficiency on 
the zona glomerulosa of the adrenal. As Is apparent from the figure 
this animal (and all the others so studied) corrected its metabolic 
alkalosls when the dose of DOCA was reduced from the elevated range 
of 20 mg/day to the maintenance range of 0.5 mg/day. As in the 
previous group there was no change in the electrolyte compos ition of 
the animal's diet nor was there any correction of its pot assi um deficit. 

C. The results obtained from one of the animals in Group Care 
presented in Figure 6. When this adrenalectomized animal was treated 
with furosemlde, an electrolyte free diet, and 20 mg/day of DOCA It 
developed metabolic alkalosls. The data points for this protocol are 
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Figure 5. The effect of decreasing the dose of D0CA 
on plasma bicarbonate concentration in a potassium de
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plotted using open circles and dashes. When the identical protocol 
-was repeated save that the dose of DOCA was kept at the replacement 
level of 0.5 mg/day (these data 11re plotted using closed circles and 
sol id lines) metabolic alkalosis did not develop despite the fact that 
sodium, potassium, and chloride balances were virtually the same dur
ing both protocols. Six animals were stu'died in the fashion just out-
1 ined. Mean plasma bicarbonate at the end of the maintenance DOCA 
periods was 25.1 ± 2.l(S.D. mEq/L; mean bicarbonate concentration at 
the end of the high DOCA periods was 30.5 ± 2.4 mEq/L p < 0.05. These 
data show that this form of diuretic induced metabolic alkalosis did 
not develop ln the absence of increased amounts of mineralocorticoid 
hormone. It did, however, persist, once generated, when the dose of 
DOCA was lowered from 20 mg/day to 0.5 mg/day. 

The observation that metabolic alkalosis will be maintained in the 
presence of an amount of mineralocorticoid Insufficient to generate 
it in the presence of volume contraction is further documented below. 

D. Six dogs were treated in a fashion identical to t hose des
cribed in Secti on A, Group Ill. When metabo li c alkalo~is was fully 
developed sodium intake was dropped to zero. When urinary sodium 
excretion was zero the dose of DOCA was dropped to 0.5 mg/day. One 
such study is presented in Figure 7, As is apparent, dropping the 
dose of DOCA from 20 to 0.5 mg/day had n effect on plasma bicar
bonate concentrations. When the dose of OOCA was similarly dropped 
in animals in which the diet and urine contained generous amounts of 
sodium metabolic alkalosls rapidly corrected. This lack of respon
siveness of bicarbonate concentration to a drop in DOCA dose in the 
presence of sodium restriction was seen ir all 6 animals so studied. 

DISCUSSION 

Bicarbonate is reabsorbed in both the proximal and distal 
tubules. The distal mechanism is at least in part under the control 
of aldosterone.20 The proximal mechanism is independent of aldos
terone; it is regulated by effective extracellular volume and the 
level of potassium stores (CO2 tension also regulates proximal bi
carbonate reabsorption, 10 but plays 1...1 prl -nary role in metabol le 
alkalosis). Bicarbonate generation is e~sentially i imlted to the 
distal tubule. At this site in the nephron, when sodium bicarbonate 
reabsorption ·s virtL1ally complete, Na± for H ! exchange will re
sult in increas~d net acid excretion by the formation of titratable 
acidity and NH 4; an increase in net acid excretion results in the 
return of new bicarbonate to the circulation. Thus, if plasma bi
carbonate concentration is to be elevated as a consequence of 
renal generation of bicarbonate an accelerated distal mechanism 
is necessary; therefore increased amounts of mineralocorticold are 
necessary. Since the distal exchange site exchanges either H ± 
or K ! fo · Na!, potassium deficiency is necessary for maximal 
distal hydrogen ion secretion and thus maximal uicarbonate genera
tion. It is also obvious that adequate amounts of sodium must be 
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Figure 7. Balance data showing the effect of reduction 
of sodium and DOCA intake. 
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presented t o the d istal exchange s i t e for max imal renal bicarbonate 
genera t ion to take pl ace , 

These points a re str iki ngly l ll us tra t ed by the studies presented 
in Sections A and B. ro tassi um depl eti on wi t h h igh dose DOC A ad
min ist rat ion re sul ts in an increas e in pl asma bica rbonat e concentra
ti on (Fig. 3) because of inc reased d istal H ! secreti on . The degree 
to which bi carbonate concent ration rises depends on the sa l t conten t 
of the animal s ' d iet. The mo re salt inges t ed the grea t er t he extent 
of ECV expansion; ECV expansi on depresses prox imal bicarbona t e which 
res ul ts ina lowe r steady s ta te b icarbonate concentrat ion fo r any one 
level of potass ium depl e t ion. 

The dependence of renal bica rbona te gene ra tion on both potassium 
de ficiency and mineralocorticoi d excess is demonstra ted in Figure 4. 
Withdrawal of high dose DOCA treat~ent or correc t ion ~f potassium de
ficiency resulted in full correction of metabol ic a lkalosis. Simi
larly, metabolic alkalosis did not redeve lop un t il the dose of DOCA 
had been raised to a high level. Thu s , both the gene ration and main
t enance of metabolic alkalosis in this model are t he consequence of 
accelerated distal H + secretion . Proximal reabsorp t ion plays little 
role in maintaining t he alkalosis because DOCA induced salt reten
ti·on and ECV expansion depresses proximal reabsorption countering the 
s timulatory effect of potassium def iciency. 

The proximal tubule plays a ro le in ma intaining metabolic alka
losis when ECV is contracted. The animals studied in Sections C 
and D were able to maintain metabolic alkalosis, once generated, even 
when the dose of DOCA was reduced to the low level of 0. 5 mg/day. 

Thus, those forms of metabolic alkalosi s associated with ECV 
contraction require accelerated distal H + secretion to develop, but 
may be maintained almost entirely as a consequence of enhanced proxi
mal H + secretion. Since aldosterone has no regulatory role over 
proximal bicarbonate reabsorption excess mineralocorticoid activity 
is not necessary to maintain metabolic alkalosis provided a stimulus 
to proximal bicarbonate reabsorption (ECV contraction) is present. 

The stomach may generate excess bicarbonate via vomiting. Ob
viously, the generation of metabolic al~alosis through this mechanism 
will not require hyperaldosteronism. Since vomiting results in ECV 
contract ion proximal bi carbonate reabsorption will be stimulated and 
metabolic alkalosis maint a ined. The administration of saline will 
expand ECV, depress proximal reabsorption, result in bicarbonate 
diuresis and correction of metabolic alkalosis. 

The role of ECV depletion and potassium deficiency in maintain
ing the common clinical forms of metabolic alkalosls is presented 
in Figure 8. Post-hypercapnic metabolic alkalosi s results from 
t he correc t ion of respiratory acidosJs in a patient with ECV 
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contraction. The kidney generates increased amount s of bicarbonate 
as a compensatory response to hypercapnia. Wh en the hypercapnia is 
re lieved the kidney is unable to excrete the exces s bicarbonate 
because ECV contraction has stimulated proximal bicarbona te reab
sorption. Increasing t'he amount of salt in the pati ent's diet or 
infusing saline corrects this form of metabolic a lkal os is by expand
ing ECV and depressing proximal bicarbonate reabsorp t ion . If the 
pati ent has another stimul us to proximal reabsorption such as heart 
failure or hypoproteinemia this form of metabolic alkalosis will not 
re lent until affective extracellular volume is expanded by treating 
t he primary disord e r. 

Those types of metabolic alkalos is associated with diuretic 
therapy are maintained by a combination of volume depletion and po
tassium defic·ency. The metabolic alkalosis of vomiting is main
tained primarily b~cause of volume contraction; potassium deficiency, 
in many patients, plays a minor role in maintaining this type of 
alkalosis. The relative roles of volume contraction and potassium 
deficiency in preventing the correction of metabolic alkalosis in 
other forms of secondary aldosteronism vary depending upon the in
dividual circumstances. 

Potassium deficiency, with mineralocorticoid excess, plays the 
sole role in maintaining the metabolic alkalosis seen in patients 
with primary aldosteronism (or other diseases in which the primary 
abnormality is steroid excess). Accelerated distal generation of 
bicarbonate is responsible for the generation of this type of 
metabolic alkalosis and accelerated distal bicarbonate reabsorption 
maintains it. This is the reason that this type of alkalosis fails 
to respond to volume expansion with saline. Proximal reabsorption 
is already depressed (considering t he degree of potassium depletion 
present) due to rnineralocorticoid induced salt re tention and ECV 
expansion. 

When potassium depletion is very severe volume expansion with 
saline cannot fully correct the associat ed metabolic alkalosis.22 
Volume expansion depressed proximal bicarbonate reabsorption but it 
is still set so high that the alkalosis persists. Potassium repletion 
is required to depress proximal bicarbonate reabsorption in these pa
tients sufficient to allow correction of their alkalosis. 

In summary, metabolic alkalosis generated via the kidney re
quires the presence of hyperaldos teronism and potassium deficiency 
which together cause increased distal H + for Na+ exchange. 
Hyperaldosteronism is not required for the kidney to maintain 
metabolic alkalosis once generated if a stimulus for proximal bi
carbonate reabsorption is present. Both effective extracellular 
volume contraction and potassium deficiency stimulate proximal bi
·carbonate reabsorption, 

L~-17 



45-14 

REFERENCES 

I. Schwartz WB, Hays RH, Polock A, et al: Effects of hyper
capnia on electrolyte and acid-base equilibrium. II Recovery with 
special reference to the influence of chloride intake. J Clin 
Invest 40:1238-1249, 1969. 

2. Atkins EB, Schwartz WB: Factors governing correction of 
the alkalosis associated with ~otassium deficiency: The critical 
role of chloride in the recovery process. J Clin Invest 41:218-
229, 1962. 

3. Gulyassy PF, Van Ypersele de Strihou C, Schwartz WB: 
On the mechanism of nitrate-induced alkalosis. The possible role 
of selective . chloride depletion in acid-base regulation. J Cl in 
Invest 41:1850-1862, 1962. 

4. Needle HA, Kaloyanides GJ, Schwartz WB: The effect of 
selective depletion of hydrochloric acid on acid-base and electro
lyte equilibrium. J Clin Invest 43:1836-1846, 1964. 

5. Kassirer JP, Berkman PH, Lawrenz DR, et al: The critical 
role of chloride in the correction of hypokalemic alkalosis in 
man. Amer J Med 38:172-189, 1965. 

6. Kassirer JP, Schwartz WB: The response of normal man to 
selecti~e depletion of hydrochloric acid. F ctors in the genesis 
of persistent gastric alkalosis. Amer J Med 40:10-18, 1966. 

7. Kassirer JP, Schwartz WB: Correction of metabolic alka
losis in man without repair of potassium deficiency. A re
evaluation of the role of potassium. Amer J Med 40:19-26, 1966. 

8. Schwartz WB, Van Ypersale de Strihou C, Kassirer JP: 
Role of anions in metabolic alkalosis and potassium deficiency. 
NEJH 279:630-639, 1968. 

9. Kurtzman NA: Regulation of renal bicarbonate reabsorption 
by extracellular volume. J Clin Invest 49:586-595, 1970. 

10. Kurtzman NA: The relationship of extracellular volume 
CO2 tension to renal bicarbonate reabsorption. Jllner J Physiol 
219:1299-1304, 1970, 

11. Purkerson ML, Lubowitz H, White RW, et al: On the io
fluence of extracellular volume expansion on bicarbonate reabsorp
tion in the rat. J Clin Invest 48:1754-1760, 1969. 

4 8 



45-15 

12. Slatopolsky E, Hoffsten P, Purkerson M, et al: On the in
fluence of extracellular f ' uid volume and of uremia on bicarbonate 
reabsorption in man. J Clin Invest 49:988-998, 1970. 

13. Cohen JJ: Correction of metabolic alkalosis by the kidney 
after isometric expansion of· extracellular fluid. J Clin Invest 
4 7 : 11 8 1 - 1192 , 1968 • 

14. Kunau RJ Jr, Frick A, Rector FC Jr, et al: Effect of extra
cellular fluid volume expansion, potassium deficiency and Pco2 on 
bicarbonate reabsorption in the rat kidney. Clin Res 14:380r 1966. 

15. Rosin JH, Katz HA, Rector FC Jr, et al: Acetazalamide in 
studying sodium reabsorption indiluting segm~nt. Amer J Physiol 
219 : 1731-1738, 1970. 

16. Rector FC Jr, Carter NW, Seldin DW: The mechanism of bi
carbonate reabsorption in the proximal and distal tubules of the 
kidney. J Cl in Invest 44:278-290, 1965. 

17. Rector FC Jr: Renal secretion of hydrogen, in, Roui11er C, 
Huller AF (eds): The Kidney: Horphalogy, Biochemistry, Physiology 
Vol 3, New York, Academic Press, 1971, pp 209-252. 

18. Fuller GR, Macleod MB, Pitts RF: Influence of administra
tion of potassium salts on the renal tubular reabsorption of bi
carbonate. Amer J Physiol 182:111-118, 1955. 

19. Kurtzman NA, White HG, Rogers PW: The effect of potassium 
on renal bicarbonate reabsorption. Clin Res 18:507, 1970. 

20. Kurtzman NA, White HG, Rogers PW: Aldosterone deficiency 
and renal bicarbonate reabsorption. J Lab Clin Med 77:931-940, 
1971. 

21. Luke RG, Levitin H: Impaired renal conservation of chloride 
and acid-base changes associated with potassium depletion. Clin 
Sc i 32:511-526, 1967. 

22. Gare11a S, Chazan JA, Cohen JJ: Saline-resistant metabolic 
alkalosis or "chloride-wasting nephropathy. 11 Ann Inst Med 73:31-
38, 1970. 

PUBLICATIONS AND/OR PRESENTATIONS 

None 



46 

lt!SEAIICH AND TICMNOI.OGY tan UNIT SUMMY 

0A , ..... y t#•'f t. •l• D 01' IUIIIIA•'f' I. IUllll4UtY K f 

71 07 01 D. CHANGE u 
10 . NO. / CODH:• U .. ••ca NUN••• .......... ., 1102A A061102B IR 01 

1 I , t 'f't.l ,,,... .. •f· ......... c, .. .,,. .... _. C.., (U) Effect of Extracellular Volume on Renal Bicarbonate 

• oa,11,M,,1cT1v1 , 

..... u ... , .... 

Not Applicable ......... ,,o.: 

f,CUM . AMT , 

rs 44 

II ,VtlOINO AO NCY , ., -•NCI .. MOO 

DA c. In-House 

.. ,c •• 72 O • 5 18 • 5 
• ••• ........ _..-- +-------- +--------f 

73 0.5 15.0 
11 . ., •• ,o .. ••o•••••••, ... 

..... 'US Army Institute of Surg i ca 1 Research •~•~us Army Institu t e of Surgical Research 
Metabolic Branch 

U>o•.rn·•Ft Sam Houston, Tx 78234 

u•L Bas i I A Pru i t t, Jr, L TC, HC 
,., ... _,, 12-221-2 20 

II ........ \. tJII 

FOREIGN INTELLIGENCE NOT CONSIDERED 

•
00"•-ft Sam Houston, Tx 78234 

fl• INCU'•U. IW"91Tt•&10• , ,__,_,. MM II II I . A•--c ,_.,.,_,...., 

,. • .,,,• Ne i I A Kur t zman, L TC, HC 
m•"'-•· 512-221-5416 
IOCIAl ••cw•,,. ACCOUNT·--•· 

••••• Phi 1 i p W Rogers, HAJ, MC 
NMII : 

Bicarbonate Reabsorption; o ,um; 
Potassium· U ADH• U Burned Soldiers 

•· T•<•••c•e. oe,1c,,v1.• a& ••"90•CN, 1a. ., ...... ,,_.,. ,..,...., ,,.,..,_,.. ,.,.,,,. •• • .....,_ ~_. ,.., •' ....... ,...,., c••••• ... ,.,. c..-., 

23. (U) Disorders of acid-base hemeostasis are extremely COlllllOn in injured or ill 
troops. These disorders arc perpetuated, compensated, or corrected by chdnges in 
renal bicarbonate reabsorption. This study was undertaken to examine the processes 
that regulate renal bicarbonate reabsorption. 

DA 

24. (U) Thus far in this project, the role of effective extracellular volume, acute 
respiratory acidosis, potassium deficiency, potassium excess and aldosterone deficiency 
on renal bicarbonate reabsorption have been examined, Work is in progress to examine 
the role of cylic AMP, parathormone, acetyl-cholene, oxytocin, vasopressin (ADH), 
prostaglandins on rena l bicarbonate reabsorption. 

25. (U) 71 07 - 72 06 Thus far we have found that changes in extracellular volume 
markedly effect the response of renal bicarbonate reabsorption to the other variables 
mentioned above but when extracellular volume is controlled, acute respiratory acidosis, 
and po t assi um deficiency increase bicarbona t e reabsorption, while potassium excess 
depresses bicarbona te reabsorption. ADH in large doses has been shown to be as po tent a 
di ur e tic agent as e t hacrynic acid. I t has no effec t on bicarbonate reabsorption 
i ndica t ing that its diuretic effect result s from inhibition of sodium reabsorption in 
the ascending limb of the loop of Henle. 
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ABSTRACT 
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We have previously shown that effective extrace llular volume is 
such a potent regulator of renal bicarbonate reabsorption that the 
other principle regulators cannot be studied effectively if one 
does not precisely specify the level of extracellular volume at 
which one is working. By controlling volume as we have defined 
the regulatory role of potassium , CO2 tension, and carbonic an
hydrase activity on bicarbonate reabsorption. 

The emphasis of work currently being carried out is ·to define 
the mechanism by which volume expansion depresses bicarbonate re
absorption. The role of a variety of naturally occurring humeral 
agents on bicarbonate reabsorption is to be assessed. The first 
of these,Vasopressin (ADH), in pharmacologic doses is markedly 
chloriuret ic but does not e ff ec t bicarbonate reabsorption, indi
cating that its main site of action in the nephron is distal t o the 
proximal tubule, presumably the ascending limb of the loop of 
Henle. 

Bicarbonate reabsorption 
Sodium 
Extracellular volume 

Potassium 
ADH 
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23. (U) Evaluation in terms of draping characteristics, absorbency, physician 
acceptance, and bacterial barrier qua 1 it i es of a Spunbonded Olefin-celluloslc 
laminated sheeting as surgical drapes and gowns. A decrease in bacterial seedin~ of 
operative wounds via drapes will minimize postoperative wound infect ions decre~slng 
subsequent morbidity and mortality. 
24. (U) Laboratory assessment of bacterial barrier of synthetic sheeti,g. Cl incal use 
of drapes n burn patients to determine surgeon acceptability. Photographic documenta-
tlon of dra·>lng characteristics, absorbency, and "run-off. II Pre- and postoperative 
cu 1 tu res at ,nar-gl n of operative field. Temperature monitoring to determine heat 
transmission characteristics. 
25. (U) 71 07 - 72 06 No significant temperature elevations have been noted In 
patients draped wl th this material. Hod i f i ca t i on of the drape material has improved 
its draping character Is ti cs and based on use of drapes made of t hi s material in so 
operative cases, It Is wel 1 accepted by surgeons. Bacteriologic testing of the 
I ates t form of sheeting has shown no penetration of staphylococci, Klebs iel la, 
Enterobacter, Providencia or Pseudomonas broth culture fluid during a one hour 
exposure confl rmlng the excel lent bacterial barrier properties of surgical drapes 
made of this synthetic sheeting mater I a I. 
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Asepsis in the operating room is one 1f the major f actors in the 
prevention of wound infections. An effective bacte rial barrier to 
prevent contamination of the operative site from non s t e rile areas has 
long been needed as cloth drapes have been shown to be permeable to 
bacterial penetration, es pecially when wet. 

Available disposable operating room drapes are waterproof and do 
prevent bacterial transgression. However, these ma t erials have poor 
draping qualities, may produce hyperthermia and allow unimpeded 
"run-off" of blood and irrigating solutions onto the operating room 
floor or onto the operating team. 

A new sheeting material made of a spun-bonded olefin-ce l lu'.osic 
laminate has been evaluated ·for its draping characteristics, absor
bency, physician acceptance, and bacterial barrier in 50 general sur
gical cases. Cultures using sterile rodac plates were taken at the 
margins of the operative field immediately following draping and at 
the completion of the cases. No wound infections were noted in this 
series, and nonp~thogens in low colony counts were cultured post
operatively from the drape with Staphylococcus albus predominating. 
The draping qualities were comparable to cloth and no slgnlficant 
temperature elevations we re observed. Laboratory tes ting of the 
material showed no bacterial penetration of Staphylococcus aureus, 
Klebsiella, Enterobacter, Providencia, and Pseudomonas after a 
4-hour exposure to broth cultu re fluid containing these organisms , 
confirming the excellent bacterial barrier properties of the drape. 

-:: Chi ef, General Surgery Svc, Brooke Gene ral Hospital , BAMC, 
Fort Sam Houston, Texas 78?.34 
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23. (U) To determine if prolonged eXPl'Sure to critically i 11 individuals, such as 
p ti nts with burns, In an intensive care situation leads to signs of increased stress 
in nu rsing personnel. 
4 . (U) The approach to this study wast> tes each subject within the first 48 hours 
f as signment tc a general work area in nrooke General Hospital or Ward 14A. Each 

bject was retested at the end of three or six months. 
5. (U) 71 07 - 72 06 Sixty subjects, 21 ANC and 40 Clinical Specialist~ were tested 

in the study. Four officers and 11 Spe1,ialists were tested. The final division of 
subj ects was that 10 ANC and 20 Specia'ists were assigned to Ward 14A, and the same 
numb e rs were assigned to the general wards in Brooke General Hospital. 

All data were collated, and analyses of variance were performed on the scores of 
each subject for the two tests used - modified Nowlis and Green Hood Adjective Check 
Li st and the Hand-Steadiness Test. No significant differences were found between 
individuals work ln In an Intensive care unit versus those working on general hospi tal 
wa rds . No dlffor nc~~ were noted between the two subgroups rete5ted at the end of 
3 onths and r~r, . in\r·J two subgroups retested a t the end of 6 months. Further 1malyses 
were carri ed ou t on e data comparing ANC and Specialists. No significant differences 

er found. A 11 . l 1.; le regression coefficient wi 11 be done at a later t ime on the 
ight factors in tt HACL. 

Unobstrusive measures are being reviewed for their role in making differences 
be tween expe rimental and control groups. Such facets as hostile humor, peaks and 
va l l eys of attitudes, mutual suppo1 ~. and general military patterns are under considera 

ion. Planning of nursing 'personnel off-duty time and rotational work patterns would 
ppear to be an Important morale factor. 
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This study was designed to determine if prolonged exposure to 
critically ill individuals in an Intensive care si t uation, such as 
patients with burns, led to signs of increased stress In nursing 
person~el. Sixty subjects (20 Army Nurse Corps off icers and 40 
clinical specialists) were tested in the study. All data were 
collated, and analyses of variance were performed on the scores of 
each subject for the two tests used--modified Nowlis and Green Hoed 
Adjective Check List and the Hand-Steadiness Test. No significant 
differences were found between individuals working in an intensive 
care unit versus those working In general hospital wards. No dif
ferences w~re noted between the 2 subgroups retested at the end of 
3 months and the remaining 2 subgroups retested at the end of 6 
months. Further analyses were carried out on the data comparing 
Army Nu rse Corps officers and that of clinical specialists. No sig
nificant differences were found between these groups. 

Stress 
Intensive care 

Nursing 
Social psychology 
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IDENTIFICATION OF PRESENCE OF STRESS IN NURSING PERSONNEL CARING 
FOR CRITICALLY ILL MILITARY PATIENTS 

A study has been completed to determine if prolonged exposure to 
critically ill individuals in an intensive care situation, such as 
caring for burned patients, led to signs of increased stress in 
nursing personnel. 

Numerous studies have been done to measure physiolog ical and 
psychological indicators of stress. Articles in nursing and medical 
journals have expressed concern about stress placed on nursing per
sonnel. Publications concerning stress and nursing personnel have 
been philosophical and rarely refer to objective stud :es. Vreeland 
and Ellis have made observations of nursing personnel in an intensive 
care unit but did not carry out a planned · study. Cleland, in a field 
study, showed that a little stress improved nursing performance, but 
mounting stress made performance drop dangerously. 

Stress is some physiological, chemical, o; emotional factor to 
which an individual fails to make a satisfactory adjustment which 
causes physiologic tensions. In this study, stress was defined as 
the work experiences of each subjec t from the time he was first 
tested until the time of his second testing. 

Recommendations have been made that personnel working In inten
sive care units _be relieved from this work area periodically. 
However, to develop nursing proficiency in a specialty care area, 
experience is necessary. Time and exposure are essential to acquire 
experience. 

If Indicators of stress in an intensive care area can be measured, 
steps may then be taken to decrease or to divert some of the causes 
of this stress. Hopefully, this would lead to improved personnel per
formance and improved nursing c re. Guidelines for assignment could 
lead to an Increased performance of n•Jrsing personnel and cild in the 
development of needed educational and staffing program. 

Two groups of 30 subjects were used as the study sample. Each 
group was subdivided into two sections of 15 subjec s. Each section 
was composed of five Army Nurse Corps (ANC) officers and 10 Clinical 
Specialist (91C) enlisted men. The experimental group was composed 
of nursing personnel assigned to the intensive care ward of the US 
Army Institute of Surgical Resea~ch (ISR). The members of the con
trol group were assigned to Brooke General Hospital (BGH) in areas 
other than Intensive ca re or coronary care units. 

The 91C subjects had a range of hospital experience as li censed 
vocational nurses of 0-12 years with a mean experience of two years. 

I 
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Their ages ranged from 20 to 43 with average age of 29. The average 
grade was that of Specialis t 5th Class wi th a range from Spec ia list 
4th Class to Sergeant 1st Class . Of interest was the random occur
rence, within experimental group l, of no cl inical experience of 
91C individuals. 

The officer group had male and female subjects who ranged in 
nursing experience from 0-16 years, with a mean experience of 4 
years. The age range was f rom 22-43 with a mean age of ·29. The ranks 
considered were 2LT to MAJ with the average rank of these subjects 
being llt. 

Each subjec t was tested immediately after assignment to a work 
area in Brooke General Hospital or to Wa rd 14A, ISR. He was given a 
modified, 40 word, form of t he Nowl is and Gr en Mood Adjective Check 
List (MAC L). Eac h of the 8 f actors in the MACL had 5 word s in it. 
A fo rm of th Hand-st eadiness Test was used in which each subj ec t 
was tested fo r 3 5-minute per iods with a reset period of one mi nute 
be ween t rial s one and two, and two and three. 

Predictions we re that individu als assigned to the ln ten ive 
Care Ward of the ISR would show significantly hig her levels of stress 
as measured by t he 2 tes ting devices than would t he subj ects assigned 
to Brooke Gene ral Hospital , a d t h.:i t signifi cant d ifferences would 
be demonstrated be tween t he 2 groups over ti me . Multip le regression 
coefficients we r to be us ed fo r predi~t ions of potential success or 
failure within the intens ive ca re area i f a compu t e r program was 
possible to prepare. If l ac k 0f s ignif i ant di ff erences be tween th 
groups was found, a review of u11obstrusive meas ures was planned. 

All data were submit ec t o anAly s i s of var iance testin . No 
significant dif fere nces were found between the 2 groups, bet ween the 
ANC officers, nor between the 91C enlisted men for loca tion of as
signment or over t ime (See Tables 1-6, incl usive) . 

No mult iple regress ion coefficients have been done on t he 8 
factors of the MAC L. This will be done at a fut ure time, and it is 
predicted that significant nega tive correlat ions would be ind icative 
of dif fe rences be tween ICU a d non-ICU pe rsonnel . 

The nons ignificent results of thi s study indic at e that the in
st ruments us ed we re not cap 1 of mea ur · n s t r ss as de f ined fo r 
purposes of the study. May s udi s of 5tr ss define the term in 
accord with st udy hypot heses and quant i fy th re ults i n t erms of 
the stresses s~d and/or the meas ure us d. 

Cleland 1n h's repo rt s ind i ated th at prof s sional nurses in 
planned nursi ng e rv ice s i t ua t ions cou ld be t es t d for level s of 
s tress •Jsing a ape r and penci l d vice . Th r suit s of hi s study are 

4.o1. 
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TABLE 1. MOOD ADJECTIVE CHECK LIST 

SOURCE ss df MS F 

TIME 476.02 1 476.02 1. 550 

LOCATION 176 .82 1 176.82 0.576 

INTERACTION B.82 1 8.82 

ERROR ~92 . 93 56 307 .02 

TOTAL 17 854 .58 59 302 .62 

TABLE 2. HAND STEADINESS TEST 

SOURCE ss df MS F 

TIME 156.82 1 156.82 0.18 

LOCATION .0167 1 .0167 .0002 

INTERACTION 1570.82 1 1570.82 

ERROR 48176.93 56 860.30 

TOTAL 49904 . 58 
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TABLE 3. ANC OFFICERS MOOD ADJECTIVE CHECK LIST 

SOURCE ss df MS F 

TIME 288.80 1 288.80 1.12 

LOCATION 80.00 l 80.00 .309 

INTERACTION 259.20 1 259.20 

ERROR 4138.80 16 258.67 

TOTAL 4766.80 19 250.88 

TABLE 4. ANC OFFICERS HAND STEADINESS TEST 

SOURCE ss df MS F 

TIME 414.05 1 414.05 .384 

LOCATION 2020.05 1 2020.05 .187 

INTERACTION 2.45 1 2.45 

ERROR 17266.00 16 1079.125 

TOTAL 19702.55 19 1036.976 
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TABLE 5. 91C MOOD ADJECTI VE CHECK LIST 

SOURCE ss df MS F 

TIME 216. 23 1 216.23 .636 

LOCATION 99.23 1 99.23 .292 

INTERACTION 60.03 1 60.03 

ERROR 12236.30 36 339.90 

TOTAL 12611. 77 39 323.38 

TABLE 6. 91C HAND STEADINESS TEST 

.J 
SOURCE ss df MS F 

TIME 202 .50 1 202.50 .325 

.LOCATION 270.40 1 270.40 .434 

INTERACTION 3960.10 1 3960.10 

ERROR 22430.60 36 623.07 

TOTAL 26863 .60 39 688.81 
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in question when viewed with the results of this study. Cleland's 
work was done with specific personnel in specific work situations 
·while the present study attempted to test individuals working in a 
day-to-day stressful situation. 

A disappointing facet of this study was an apparent inability 
to use the testing instruments as a criterion for selection of 
personnel more likely to be successful workers in an intensive care 
unit. A study by Mefferd, et al, would encourage further investi
gation along these lines for use by the Army Nurse Corps and the Army 
Medical Department for personnel selection in specialized units. 

Evaluation of differences between the two groups studied must 
be done on the basis of unobstrusive measures. Application of such 
measures to ICU personnel included noting an extremely low sick-call 
rate, no instances of absence without leave, and the observation 
of developing pride in being a member of a special military orga iza
tion. The latter has been evidenced many times by unelicited com
ments of nursing ·service personnel assigned to flight status, by 
responses of personnel to questions asked them by non-unit personnel, 
and by parties planned by personnel for all Burn Study Branch personnel 
regardless of rank or position. 

Observation of personne in the Burn Study Branch has indicated 
a triangular physician- ~urse-corpsman support relationship. The 
mutual support given by nembers of the care team is notable for the 
psychological as well as phys ical aspects of it. 

Nursing personnel h~ve demonstrated ways in which one can deter
mine stress indicators. Personnel request 3 to 4-day weekends off, al
though scheduling practices are to have these times available in a 
pattern. Frequent short periods of leave are used as a pattern by 
civilian personnel. Personnel request areas of assignment at times, 
e.g. , not being assigned into the Intensive Care Cubicle but rather 
to an open ward, or they have requested to be assigned to the Con
valescing Burn. Care Ward. Some personnel have had previous records 
of working well within an ICU situation but have found themselves 
unable to work with the acutely ill, thermally-injured person. In an 
effort to cope with the aforementioned situation, a carefully planned 
orientation and rotational work pattern is carried out under the super
vision of the chief nurse so individuals will secure adequate experience 
in and knowledge of the care of the burned person. 

Acyclic pattern of behavior can be oted and observed in the 
nursing service personnel. The pattern has a direct relationship 
to the number and type of acutely ill burned persons. A purposeful 
tenseness is often noted when nursing personnel commit themselves 
to the care of a given patient together with the physician as the 
team leader in meeting the patient's physiological and psychological 
needs. When s uch a patient d ies, the nursing s t aff noticeabl y 
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responds. Hos tile humor, as noted by LaGaipa, a lso has a rol e in th e 
sense of failure evidenced by the staff's cyclic downswing. A complete, 
observational study of the cyclic behavioral pattern of the nursing 
s taff would be very useful. 

A repetition of this study using different measurement methods of 
greater sensitivity might well detect evidence of stress differences 
related to an intensive care situation and be of use in Army Nurse 
Corps personnel duty assignment actions. 
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ABSTRACT 

PROJECT NO. 3A061101A91C-00, IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

REPORT TITLE: PULMONARY PATHOPHYSIOLOGIC CHANGES FOLLOWING THERMAL 
INJURY IN BURNED SOLDIERS 
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Fort Sam Houston, Texas 78234 

Period covered in this report: 1 July 1971 - 30 June 1972 

Investigators: Alan H. Morris, MD, Major, MC 
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Multiple indices of lung function have been serially determined 
in 35 patients during the early postburn period. Those patients with 
burns exceeding 40 %of the total body surface (and one patient with a 
35% total body surface burn) developed a dramatic hyperpnea and 
tachypnea, usually between the fourth and the eighth postburn days, 
without dyspnea, and with frequently normal chest x-rays and physical 
examinations. This preceded by several days the development of pul
monary infiltrates, abnormal physical examinations, and the clinical 
appearance of obvious intrapulmonary disease. Arterial hypoxemia is 
absent, arterial Pco2 values are low, and arterial pH values are 
usually normal to alkaline, in both groups. Significant right to left 
shunting ls absent, and diffusing capacity for carbon monoxide, as well 
as the lung clearance index, ls normal. In contrast with the well 
preserved indices reflecting gas transfer, and distribution of in
spired air, the mechanical proper t ies of the lung appeared to be al
most uniformly deranged. The static lung compliance, and the dynamic 
lung compliance, were reduced in both groups of patients, more 
severely in those with burns exceeding 40% of the tota l body surface. 
The abnormal compliance, however, did not correlated with the marked 
change in minute ventilation. These o servations have led us to con
clude that the observed hyperpnea ls due to a extrapulmonary cause. 
The absence of dyspnea, hypoxemia, right to left shun t ing, and ex
tensive pulmonary infiltrates, make this c!l,,ical picture distinctly 
different from that of "shock lung", and related syndromes. 

Burns 
Lung me h e; , lcs 
Pulmonary diffusion 

Ventilation/perfusion abnormalities 
Blood gases 
Shunt 
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PULMONARY PATHOPHYSIOLOGIC CHANGES FOLLOWING 
THERMAL INJURY IN BURNED SOLDIERS 

Because of the frequency and severity of pulmonary problems fol
lowing thermal injury, and because of the paucity of information con
cerning lung function during this period, we have undertaken an inves
tigation of lung function following severe burns. The first clinical 
suggestion of pulmonary difficulty has often been the dramatic develop
ment of tachypnea and hyperpnea on the third to fifth postburn day, pre
ceding by several days the first ap~earance of abnormalities of the 
physical or x-ray examination of the chest,and in the absence of dyspnea. 

Of the 35 patients, 18 had a definite and large increase in minute 
ventilation, and 11 had no significant increase in minute ventilation 
in the early postburn period. The differences between the levels of 
ventilation in these 2 groups seemed to be quite large from the third 
or fourth until approximately the 12th postburn day, but were not sig
nificant before or after this period (Fig . 1). It became apparent that 
not only was this dramatic increase in venti ation in some way related 
to time postburn but that it was also related to burn size. Of 28 pa
tients for whom adequate information is available, the 17 with burns 
involving more than 40°/c of th total body surface al 1 had an increase 
in ventilation (see table). Eleven of these 17 patients died. Of 12 
patients with burns of less than 40% of the total body surface, only 
one with a burn ~i 35% of his total body surface had an increase in 
vent i 1 at ion, and 1·,,me died. 

% TBS 

> 40 
< 40 

N 

17 
12 

17 11 
0 

Several indices of gas exchange across the lung were studied, 
and were unremarkable. Arterial oxygen tensions we re normal when 
the patients breathed room air (Fig. 2). Arterial carbon dioxide 
tensions were low and the pH was slightly alkaline. Arteria 1 oxygen 
tensions, studied with the patients breathing 100% oxygen, failed to 
reveal any significant right to left shunting of blood (Fig. 3). The 
diffusing capacity for carbon monoxide was within normal limits (Fig. 
4). ,he distribution of inspired air was normal and uniform except in 
preterminal patients as indicated by the lung clearance index (Fig. 5). 

In contra~t to the indices of gas exchange, those which reflected 
mechanical properti ~s of th~ lung were not normal. The static lung 
compliance was depress d and was more severely decreased ih patients 
with large burns and a striking incr ase in minute ventilation (Fig. 6). 
The dynamic comp liance was increased in concert with he deer ase in 
static lung comp liance , but did not fall furth r when r spiratory 
r~ t e inc reas d, suggesting that small airways wer no t sev r ly derang d 
(Fi g. 7). The lung res i s tance was normal except in on pati nt with 
an inhalation injury , sugg st ing t ha t larg a irways w re not s v r l y 
narrow d (Fi g. 8). As xpect d from t h d e r ase in lung compli anc , th ,·1 
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pressure volume work of breathing was increased, but this increase 
was not dramatic, and approximately half of the measurements in the 
patients fell within the upper limits of normal for our Laboratory 
(Fig. 9). 

Even though the lung compliance, the only consistcnt1y abnormal 
index of lung function, was frequently decreased, this failed to ex
plain the increase in minute ventilation, as shown by the results 
-obtained in the fol lowing 2 characteristic patients. The minute 
ventilation of a patient's first measurements (as depicted in Fig. 
10) with a 60"/4 total body surface burn, rose strikingly and reached 
a peak of about 50 L/min on the ninth postburn day. During the 
time when his minute ventilation was strikingly increased, his dif
fusing capacity for carbon monoxide was normal. His forced vital 
capacity was approximately 75°/4 of normal, but remained constant. His 
static lung compliance was reduced, but was not significantly changed 
throughout this period when the minute ventilation strikingly rose 
and then fell. The patient was treated with Sulfamylon, which pro
duces, as one of Its unwanted effects, carbonic anhydrase inhibition, 
during the time indicated by the sol id bar. Although this is com
patible with the conclusion, offered by some, that Sulfamylon is 
responsible for unusual changes in ventilation in patients with 
burns, other evidence presented in this report will raise questions 
about the relationship of Sulfamylon to ·this increased ventilation 
and indicate that, whatever role it may play, it is not simple and 
straightforward. 

in the patient whose measurements are depected in Figure 11, with 
a 46% ~otal body surface,burn, the minute ventilation strikingly in
creased, reaching a peak of approximately 40 L/min on the eight post
burn day. During this entire period, both preceding, during, and 
after the increase in minute ventilation, the diffusing capacity for 
carbon monoxide and the force vital capacity were normal. The 
static lung compliance was slightly depressed initially, and then 
rose to normal as the minute ventilation increased. This patient was 
treated with Sulfamylon without interruption throughout the study 
period. A macroaggregated albumin lung scan, performed on postburn 
day 7, was within normal limits. In contrast to the observations 
in this patient, which suggest that Sulfamylon is unrelated to the 
changes In minute ventilation, are observations (Fig. 12) made in 5 
other patients. Minute ventilations are indicated on the vertical 
axes and postburn days on the horizontal axes. The per cent total 
body surface is recorded and the periods of Sulfamylon application 
are Indicated by the solid bars. Interruption of Sulfamylon therapy 
was usually associated with a decrease, and application of Sulfa
my lon with an increase, in minute ventilation. The patient with a 
48% total body surface burn, however, had no ch~nge in minute venti
lation following the reapplication of Sulfamylon the the 10th post
burn day. 

Comparison (Fig. 13) of the average minute ventilation of 4 
4't'6 Sulfamylon-treated patients, with burns ranging from 24 to 39% of 

the body surface, with those of one patient with a 21 % burn treated 
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with silver nitrate, and one patient with a 38% burn tr ated with 
sulfadiazine, failed to reveal any obvious differences. Neither 
silver nitrate nor sulfadiazine are carbonic anhydrase inhibitors. 
Although a correlation exists between the minute ventilation and the 
combi~ed serum level of Sulfamylon and paracarboxybenzene sulfonamide, 
its metabolic product (Fig. 14), the scatter of points is large and 
the minute ventilation cannot be predicted from the serum levels of 
the drugs. Minute ventilations vary from 10 to 50 1 iters per minute 
at serum levels of 8-10 mg%. The contribution of Sulfamylon to the 
increase in ventilation still remains to b~ defined. 

Since the metabolic rate is increased in patients who suffer 
thermal injury (Fig. 15), and since this increase is related to 
burn size, the relationship between minute ventilation and the resting 
metabolic rate was investigated in order to explore the possibiiity 
that the minute ventilation was merely a consequence of the Jricreased 
metabolic activity of these patients (Fig. 16). There is ·a distinct 
difference in the relationship betwee~ minute ventilation and 
metabolic activity in the two groups of patients, indicated by the 
solid lines, but this is likely a consequence of burn size. Those 
who did not develop an increase in minute ventilation (burns less 
than 40% are strikingly similar to normal exercising men (indicated 
by the dotted line) in terms of the ventilation they generate with 
respect to their metabolic rates. However, those patients who do 
develop a large increase in minute ventilation (burns greater than 
40%) demonstrate a very different relationship between minute venti
lation and metabolic activity. 

These observations have led us to two tentative conclusions: 
(1) that the dramatic increase in minute ventilation is due to some 
extrapulmonary cause, influenced by both the extent of burn and the 
time elapsed following injury; (2) that this unusual clinical picture 
c~aracterized by high minute ventilation, in the face of a normal 
chest x-ray, frequently normal physical examination, unremarkable 
blood gases, and in the absence of dyspnea, is distinctly different 
from "shock lung", "trauma lung", "postperfusion lung", and related 
syndromes. It is, to our knowledge, previously undescribed. 

PRESENTATIONS 

Presentations on, "Pulmonary Pathophysiologic Changes Fo_llowing 
Thermal Injury", presented to the following: 

Univ of Washington Sch of Med, Seattle, Wash, 1 Nov 71. 
Univ of Utah Sch of Med, Salt Lake City, Utah, 3 Nov 71. 
Washington Univ Sch of Med, St Louis, Mo, 10 Feb 72. 
Univ of Colorado Schaf Med, Denver, Colo, 15 Feb 72. 
Univ of Arizona Sch of Med, Tucson, Arizona, 18 Feb 72. 
Univ of New Mexico Sch of Med, Albuquerque, NM, 23 Feb 72. 
Univ of Michigan Sch of Med, Ann Arbor, Mich, 27 Mar 72. 
Amer Burn Assn, San Francisco, Cal, 8 Apr 72. 
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ABSTRACT 
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During the past decade, the physiologic advantages of cadaver 
skin allograft in the treatment of second- and t hird-degree burn 
wounds have been well documented. Howe r, due to inadequate supply 
and limited shelf life, widespread use of cadaver allograft has been 
res t ricted. Recent research with biologic dressings has confirmed 
the efficacy of xenogeneic porcine and canine cutaneous grafts as 
substitutes for a11ograft, and fresh and frozen porc ine grafts are 
now commercially available. 

Continued investigation with xenografts not requ1r1ng freezing 
or refrigeration has resulted in production of a lyophi'lized porcine 
graft sterilized by Irradiation and indefinitely shelf-storageable. 
After reconstitution by soaking in balanced electrolyte solution 
for 60 to 90 minutes, lyophilized xenograf t provides adequate wound 
coverage in an excised animal model for an average of 10 days. A 
clinical trial in 40 patients with second-and third-degree burns suggests 
that it is an adequate substitute for any of the fresh or frozen bio
logic dressings when used as a temporary wound cover during the period 
of therapy between ti me of eschar separation and autografting. 

Cutant:lOUS xenograf t 
Wound c ve r• 
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CONTINUED ~VALUATION OF SPLIT-THICKNESS CUTANEOUS XENOGRAFT AS 
A TEMPORARY BIOLOGIC WOUND COVER FOR USE IN BURNED SOLDIERS 

Previous experience with viable and frozen biologic dressings 
has resulted In an appreciation of the physiologic advantages de
rived from application of split-thickness skin grafts from allo
and xenogeneic species to granulating surgical and traumatic 
wounds, especially wounds resulting from thermal Injury. The pre
ferred natural dressings are those harvested from human cadaver 
donors within 24 hours of death and refrigerated, after saturation 
with penicillin and Streptomycin or other antibiotics. 

Fresh porcine xenograft has been similarly produced to alle
viate the shortage of human cadaver allograft. However, while 
fresh porcine skin dressings provide adequate protection to denuded 
skin surfaces, they suffer from shortcomings of limited viability, 
possible microbial contamination, and the possibility of eliciting 
an allergic reaction related to the antibiotic In which they are 
prepared. Frozen porcine skin was then produced that could be 
protected from bacterial contamination by irradiation and in
definitely stored in a deep freeze. How~ver, this product had the 
disadvantages of increased cost and required freezer equipment 
for storage. 

The discovery that nonviable grafts could function as substi
tutes for fresh skin stimulated productl~n and evaluation of freeze
dried split-thickness skin grafts. Sterilization is achieved by 
gamma radiatlon(without the Incorporation of antibiotics), and the 
xenograft is stored In air-free containers. Prior to use, lyo
phlllzed skin must be presoaked in balanced salt solution to achieve 
reconstitution. Cross checks on sterility by culture of commer
cially purchased spore-strips Irradiated with the skin confirm 
sterility. After reconstitution, any unused portions of skin can 
be stored for an additional 5-7 days in a standard refrigerator, 
tf handles aseptically and protected from contamination. 

LABORATORY INVESTIGATION 

Lyophtllzed spilt-thickness porcine cutaneous xenografts of 
varying thickness were applied to clean, excised 20°/o total body 
surface (TBS) area wounds on the backs of 200 gm male Sprague-Dawley 
rats. Grafts were fixed In place with Michel clips. Anlm~ls were 
then returned to their Individual cages and observed dally. Ade
quacy of wound coverage was Judged by adHerence, purulence, presence 
of subgraft blebs, and/or serum leakage through ·the dressings. The 
endpoint for duration of adequate wound coverage was arbitrarily 
chosen as that day on which 50% of the graft epithelium had separated 
and sloughed. 
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Wound biopsies were evaluated hlstologically on a periodic 
basis for documentation of graft adherence and the presence of 
lnfla1T1T1atlon, infection, and fibroblastlc proliferation at the in
terface. First and second set applications of grafts were performed 
at 2-week intervals to evaluate the possible occurrence of accel
erated immune rejection. 

The results of the above experiments demons trated that lyo
phllized porci ne xenograft functioned as well as any other xeno
graft previously tested in the same animal model (Table 1). Ade
quate duration of coverage in an experimental population of 90 rats 
was 10-13 days--longer than previously noted with fresh rat allo
graft (8-1o ·days) and C0111Tlercia11y supplied fresh porcine graft 
(8.2 days). Optimum thickness ~f the xenograft prior to reconsti
tution appeared to be 0.015" - 0.020"-- slightly thicker than t at 
of fresh porcine skin (0.010;1 

- 0.015%) . . The increased thickness 
Is required because the skin does not fully expand to its pre
lyophilization thickness after reconsti t ution. 

Table 1. Average Duration of Wound Coverage 

Rat al logrnft 

Fresh porcine xenograft 

Frozen-Irradiated porcine xenograft 

Lyophilized porcine xenograft 

Days 

8 

8.2 

7. ,4 

10.0 

No accelerated rejection was noted with successive applications 
of porcine xenograft at 2-week intervals. The finding is in agree
ment with that previously reported for fresh an~ frozen xenograft. 
Lack of clinically demonstrable irrrnune response is believed related 
to failure of ravascularizatlon of the grafts. Histologic examina
tion of biopsies taken from xenografted wounds confirmed the clinical 
observation of excellent wound adherence and demonstrated ingrowth 
of granulation tissue Into the lower dermal collagen network of the 
graft. No evld~nce of foreign body multlnucleated giant cell or 
mononuclear Immune reactions were noted. Graft integrity was main
tained until cellular slough of the epidermis occurred, presumably 
due to disintegration. 
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In summary, lyophilized porcine cutaneous xenograft was found 
to provide cxc~llent wound protection in the ISR standard laboratory 
rat model for approximately 10 days. It fu nctioned as an adequate 
substitute for other known biologic dressi ngs and manifested no 
signif icant differences in its behavior from previously tested forms 
of porcine skin. It differed from al lograft in its failure to vas
cularize or show clinical and histological signs of immune rejec
tion. Rat wounds treated wi t h xenograft readily accepted permanent 
autografts from the animal's abdomen. 

CLINICAL INVESTIGATION 

On the basis of the animal wound study cited above, lyophilized 
porcine xenograft was applied to 40 patients with second- and third
degree burns requiring treatment with biologic dressings during the 
period between separation of eschar and final wound closure with 
autograft or by c;pontaneous re-epithelialization. Indications for 
using xenograft included: (1) protection of granuluting wound beds 
from desiccation,hypertrophy, and infection; (2) as a "test" graft 
to assess receptiveness of the wound to autograft; (3) as an aid 
to debridement of small bits of retained devitalized tissue; and 
(4) to facilitate healing of second-degree burns and alleviate 
pain. Biopsies and photographs of xenografted wounds were taken 
periodically. 

Lyophilized xenograft was applied fr001 corrrnercially supplied 
rolls after reconstitution for approximately one hour in sterile, 
room temperature,physiologic saline solution. Reconstitution was 
continued until no white, parchment-like are~s remained in the 
skin. 

Xenograft was applied to wounds, dermal side down, and either 
left exposed or dressed in moist saline gauze or stretchable tubular 
net dressings. Grafts were carefully trinrned to conform to the 
wound margins with no overlap onto unremoved adjacent eschar or norm~l 
skin. Xenografts applied to circumferential extremity burns were 
routinely protected with dressings from dislocation due to shearing 
against the bed clothes. 

All wounds were inspected at least once daily. Indications 
for removing and replacing xenograft dressings were: purulence be
neath the graft, nonadherence for mechanical reasons, and unexplained 
temperature elevations. Because of the absence of clinical inrnune 
response, xenografts that were well adherent to second-degree wounds 
were left in place until re-epithelialization was complete and re
sulted in spontaneous separation of the graft from the wound. Grafts 
adherent to granulating wounds were left in place an average of 4 
days or until autografting was performed. 

Graft changes were performed at the bedside or during bathing in 
1 
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the hydrotherapy tank. No anesthesi a or narcotic analgesia was 
employed. Clinicians graded xenografted wounds on a subjective 
scale previously employed for evaluation of bi ol ogic dressings 
(Table 2). Results of the clinical trial of xenograft on second
and third-degree burn wounds indicated that Jyophilized porcine 
skin was s imilar to other biologic dressings. An average of 5 ap
plications was required to achieve a wound grade of 3 or 4 (good 
adherence with or without granulation bleeding). At this ~oint, 
wounds were cons idered to be ready for autografting. 

Table 2. Subjective Grading of Xenograf ted Wounds 

= no graft adherence with subgraft suppuration 

2 = no graft adherence without subgraft suppuration 

3 = adherence of graft with no bleeding of granulation 
tissue when graft removed 

4 = adherence of graft with bleeding of granulation tissue 
when graft removed 

While no differences were noted in the clinica l behavior of lyo
philized skin when compared to fresh or frozen xenog raft, there were 
nutable differences in a comparison to fresh cadaver allograft: 

Fresh cadaver allograft was observed to adhere better initially 
to granulating wounds and developed considerably less suppuration 
at the wound interface than did porcine skin. Therefore, it was 
usually deemed necessary to change xenograft more frequently during 
the first week of use. After all devitalized tissue had been re
moved and a healthy granulating bed developed, porcine skin bec · me 
well adherent and could be left in place 4 to 5 days. 

Less bleeding and a more pale color were observed in ~he granula
ting beds treated with porcine xenograft when compared to the rich 
capillary ooze noted from wounds on which allograft had been ap-
plied. These differences are due to the fact that porcine skin does 
not become vascularized and,therefore, fewer capillaries are disrupted 
when the grafts are stripped from the wounds. Al lograft "takes" to 
a granulating wound and he neovasculature that develops within it 
must be ruptured at the time of graft removal. Despite these observa
tions, autograft take has appeared equally good on wounds prepared with 
either dressin9. 

468 



50-5 

The histologic appearance of biopsies from wounds xenografted 
with lyophilized skin resembled those utilizing fresh or frozen 
porcine grafts. No significant inflammatory reaction was noted 
unless excessive suppuration occurred due to incomplete debride
ment of the wound. No accumulation of foreign body multinucleated 
giant cells or mononuclear cells was observed at the wound inter
face or in areas of granulation tissue invasion of the graft. The 
exact cellular immune relationship between split-thickness cutaneous 
xenograft and Its host is still unclear. No evidence of delayed 
hypersensitivity, allergy, or accelerated rejection has been 
elicited by successive applications of xenograft to animal or human 
wounds. 

SUMMARY AND CONCLUSIONS 

In laboratory and clinical evaluations, lyophllized porcine 
cutaneous xenograft appears to provide acceptable wound protection. 
Because of its ready availability porcine skln is a useful variant 
of biolog ic wound dressings, particularly in medical centers pre
viously unable to harvest adequate amounts of cadaver skin. 

The 3 forms of porcine graft appear similar provided certain 
precautions are employed in reconstitution, ~pplication, and sub
sequent wound inspection. The skin must be applied In its natural 
orie1 ;~ation (epidermal side up). Xenograft changes should not be 
delayed if subgraft suppuration or an unexplained febrile reac
tion occurs. 

Lyophilized skin provides several advantages over previously 
deve loped products--specifically, guaranteed sterility and in
~efinite shelf storage without freezing or refrigeration. Lyo
philized porcine skin is less expensive than the frozen product 
and comparably priced with the fresh product. 

PUBLICATIONS AND/OR PRESENTATIONS 

None 
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The goal of burn care is t removal of eschar with autograft 
closure of the burn wound at the earliest possible moment. Primary 
excision of extensive burn wounds has been associated with an unac
ceptable blood loss, a~d staged ~~cision prior to the development of 
effective to~ical chemotherapy was associated with the high occurrence 
rate of invasive wound se s · s. 

The significant improvement in survival of burn patients noted 
with use of topical therapy has been confined to pati,mts wi t h burns of 
less than 60"/o of the total body surface. This fact h,is promp ~ed a re
evaluation of excision in patients with extensive burns in wh~n control 
of bacteria in the unexcised burn is possible, using Sulfamylon burn 
cream. Janzekovic and Jackson (Janzekovic Z: Present clinical aspect 
of burns: A symposium. Derganc M, ed: Maribor, Yugoslavia: CP 
Marlborski tisk, 1968, pp 99-112, 215-230; Jackson OM: Second thoughts 
on the burn wound, J Trauma 9:839, 1969) have both reported favorably 
on tangential excision as a means of excising just the nonviable eschar 
and minimizing the blood loss and nonspecific trauma associated with 
a more formal surgical excision. Differentiation of viable from non
viable tissue is critical in the process of tangential excision, and 
such discrimination has been deemed important in minimizing blood 
loss and surgical stress. 

Laboratory evaluation of a cryogenic device using 1 iquid nitrogen 
to freeze nonviable tissue with subsequent dermatome excision has ap
peared to permit differentiation of nonviable from viable tissue 
and to be associated with minimal blood loss. Four Duroc pigs, each 
of which had been given a 60"/o full-thickness total body surface burn, 
underwent total excision on the second postburn day, using a liquid 
nitrogen cryosurgical instrument to freeze the nonviable tissue, and 
a standard Brown dermatome. Topical appl lcation of liquid nitrogen 
via a multiperforated delivery head rapidly froze nonviable tissue 
while the .intact circulation of viable tissue presumably dissipated 
the negative heat load suffici~ntly rapidly to keep it from freezing. 
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The frozen tissue was easily differentiated from viable tissue and 
was readily excised by a dermatome with minimal blood loss. The 
excised wounds accepted homograft skin immediately following ex
cision, and absence of subgraft suppuration confirmed the adequacy 
of the excision. Autografts applied to the wounds on the animals 
following a second application of homograft skin showed an ex
cellent take. 

Application of this technique to 3 selected patients has em
phasized the differences between burn patients a.nd laboratory 
models of burn injury. In the c1 inical situation, the cryogenic 
method appears best suited for t reatment of burns on relatively 
smooth, relatively unyielding regular surfaces such as the limbs. 
Its use in treatment of burns of irregular or 11 yielding 11 areas such 
as the anterior ches t , buttocks or abdomen has been associated with 
less efficient viable-nonviable tissue differentiation and ex
cessive blood loss from such areas. Homograft skin applied to the 
excisional wounds of these burn patients adhered well and adequacy 
of removal of nonviable tissue was d~emed excellent. Invasive 
wound sepsis developed in the excised area of one patient despite 
use of Sulfamylon burn cream on adjacent intact eschar. 

In summary, this cryosurgical technique appears to be useful 
in the treatment of burn wounds of certain anatomic areas of selected 
patients with extensive total body surface burns. Technological al
teration will be needed to improve the general usefulness of this 
method of excision,especially In terms of better operative hemo
stasis. Further studies are in progress. 

Burn wound excision 
Wound care 
Cryosurgery 
L i q·u Id n i t rogen 
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23. (U) To determine wedge (left atrial) pressure, cardiac output, and other 
cardiovascular Indices of extensively burned patients to evaluate the effect of the 
Injury and resuscitation on pulmonary hemodynamlcs . on burned military personnel. 

24. (U) Selected patients with significant burns who exhibit cllnlcal or radiologic 
evidence of Increased pulmonary Intra- or extravascular vollllle are studied by means 
of pulmonary wedge pressure, cardiac output, urine output, blood pressure and pulse. 

25. (U) 72 01 - 72 06 To date, two patients have been partially studied. The fl rst 
patient's pulmonary artery pressure was Increased, presllll8bly due to fluid overload, 
while the second patient demonstrated Increased pulmonary d.,nslty by x-ray, In the 
presence of total body hypovolemla and normal pulmonary wedge pressure. The study 
Is continuing • 
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Interstitial pulmonary edema is a frequent autopsy finding in 
patients dying as a result of thermal injury. The determinations of 
the etiology of this phenomenon in the thermally injured patient is 
extremely difficult, as frequently the only clinical sign or labora
tory evidenceof the disease is an abnormal chest x-ray. Clinical 
findings suggesting cardiogenic pulmonary edema are usually absent 
in these patients, even though they often respond paradoxically to 
the usual therapy for pulmonary edema. The disease appears to 
represent a change in pulmonary-capillary permeability, a phenomenon 
already documented in other vascular beds in the thermally injured 
patients. 

The purpose of this project is to evaluate the cardiovascular 
status and pulmonary hemodynamics of these patients in order to 
establish the etiology of th~ pulmonary changes that are observed. 
The techniques involved include measurement of wedge pressure, cardiac 
output, arterial and central venous blood pressures, and blood volumes. 
To date, 2 patients have been studied. The first patient demonstrated 
acute onset of pulmonary edema by x-ray and clinical evidence, and 
measurements showed that this was probably the result of flui d over
load. The patient's central venous, pulmonary artery, and pulmonary 
wedge pressures were a ll supranormal and responded appropriately to 
diuretic therapy. The second patient also showed radiologic evidence 
of acute pulmonary edema, at which time circulating blood volume was 
low, central venous pressure and pulmonary artery pr ssures were high, 
and wedge pressure was low. 

On the basis of these results, this work will be expanded and con
tinued . The findings in the latter patient are illustrative of the 
physiologic changes of special interest in burn patients. 

Burn 
Wedge pressure 

Cardiovascular hemodynamics 
Resuscitation of fluids 
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23. (U) To determine the relation of metabolic rate to evaporative water loss In 
extensively burned patients, to describe the ~hange of metabolic rate wit~ change In 
•lent temperature and humidity unrler controlled conditions and to describe the optlm 
temperature and humidity for treatment areas In terms of energy econ~y . in soldiers. 

24. (U) Use of a controlled environment study room to measure metab Ile rate at 
various temperature and humidity levels. Concurrent measurement of water loss, R.Q. an 
appropriate temperatures In the carefu11y control led envl ronment wl 11 perm! t cal cu la tlo 
of heat loss components and determination of the critical temperature In those condi
tions which minimize energy demands In the seriously 111 patient. 

25. (U) 71 07 - 72 06 An environmental chad>er has been designed and Installed which 
has a temperature range of 15 to 40° centigrade, plbs or minus 0.5° centigrade, a 
relative humidity range from 20 to 80 percent, plus or minus 2 percent, limited by a 
minus 1.1° centl~rade and plus 35° centigrade dew point. The room air. Is Introduced 
through a porous celling and flows out through baseboard ventilation ducts In the 
walls at less than 50 feet per minute. This room has undergone rigorous testing 
and Is equipped with numerous sensors to Insure constant environmental cundltlons 
for studying. At present time control data on partition of heat loss Is ilelng 
gathered to compare. with experiments of severe Injured patients. A special feature of 
the environmental chamber Is the control device which can be operated by the patient 
to establish a comfort level by regulating temperature and humidity changes from a 
bedside c.ontrol unit. 
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Nine individuals have been placed in the metabolic room to deter
mine optimal comfort levels in varying temperature and humidity. The 
environmental chamber, designed to maintain a constant temperature 
and humidity between the ranges of 15 and 4o•c and 20 to 90°/o relative 
humidity, was controlled by each individual studied to establish op
timal comfort temperature at varying hun,"dities of 40, 60, and 80°/o. 
All patients were In the supine position, and wore only undercloth
ing. Optimal comfort levels were achieved after I to 4 hours of 
equilibration by adjustment of ro~~ temperature from a bedside con
trol unit. As the humidity increased, the Individuals perceived the 
room warming, and gradually decreased he ambient temperature (see 
Table). All burn patients set the room at a much warmer level than 
did the healed convalescing burn patients or control Individuals. 
The healed burn patients, who had lost 10 to 15% of their preburn 
body weight but h~d achieved total skin coverage, felt most com
fortable in the roan slightly warmer than that temperature estab
lished by the norm~l individual~. These r~sponses may reflect 
changes in the insulation of skin or body fat. 

COMFORT TEMPERATURE* SELECTED AT DIFFERENT RELATIVE HUMID·ITIES 
(MEAN TEMPERATURE IN DEGREES CENTIGRADE) 

Study Subjects Number 4o 60 80 

Normal 3 26.5 26.3 23.8 
Healed burn 3 26.7 25.8 25.0 
Acute burn 3 3S.5 32.0 28.8 

* Temperature taken after 1-4 hours of equilibration 
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Further studies are in progress to fractionate the heat Joss 
from the burn patients and to determine If a warm-dry room w111 
substant1a11y decrease the prodigious metabolic demands in the 
therma11y Injured patient. 

Hetabo1 Ism 
Heat Joss 

·' .. 

Evaporative water Joss 
Contro11ed environment 
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The Limulus amoebocyte lysate technic for the assaying of endo
toxin is a simple, relatively quick method of detecting the presence 
of as little as 0.0005 µg of endotoxin/ml of whole blood. "Limulus 
lysate" was obtained from the blood of horseshoe crabs collected in 
the vicinity of the Marine Biological Laboratory, Woods Hole, Massa
chusetts. Twenty-nine liters of amoebocyte lysate were collected. 
Of these, 19 liters were of a potency that justified testing for 
suitability in detecting endotoxin in human blood. 

One hundred eighty blood samples were tested for 
of endotoxin, 5% of samples were positive. There was 
between a positive test and a positive blood culture. 
too small at present to draw any definite conclusion. 
testing and of preparing the amoebocyte lysate have to 
elucidated. 

Endotoxi n 
Sepsis 
Assay 
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DETECTION OF ENDOTOXIN IN BURNED SOLDIERS WITH SEPSIS 

There are many t echnics for the detection of endotoxin, most 
not well suited for clinical use, measuring different biologic func
tions and having widely varying sensitivities. Most are biologic 
assays requiring intact animals and are time consuming. It has been 
demonstrated that endotoxin in tow concentration causes gelation of 
a protein-containing fluid derived from the blood cell (amoebocyte} 
of the horseshoe crab, Limulus poly~hemus. A method based on this 
phenomenon is capable of detecting.0005 µg of endotoxin per mt of 
whole blood. This test has proved to be simple, accurate and rela
tively easy to perform, with results obtained in 4 to 24 hours. 

MATERIALS AND METHODS 

During July and August 1971, 2 of the investigators pr~pared 
Lirulus lysate from the amoebocyte of horseshoe crabs harvested at 
the Marine Biological Laboratory, Woods Hole, Massachusetts. 

Technic for this collection was as follows: 
Horseshoe crabs, which varied in size from 8 to 12 inches 

across the widest portion of the carapace, were used. A sterile 13-
gauge 3-½-inch needle was inserted into the junction of the thoracic 
and abdominal segments on the dorsal surface, after the area had 
been cleansed with 70% alcohol. All glassware used in preparing 
the lysate was siticonized and made pyrogen-free by baking in an 
oven at 180° C for at least 2 hours. The blood was allowed to flow 
into a 250 cc centrifuge bottle containing 0.125% n-ethyt-matimide 
solution in 3"/4 sterile, pyrogen-free saline at 40° c, so that when 
filled there was a 1 :1 ratio of blood to NEM solution. After 15 
minutes, the mixture was centrifuged at 600 rpm for 6 minutes; the 
supernate aspirated and the sediment of cells washed in 3% sterile, 
pyrogen-free saline. The mixture was transferred to a 40cc centri
fuge tube, centrifuged again at 600 rpm for 6 minutes, supernate 
aspirated and cells washed a second time. After this second washing, 
the cells were then tysed with 35 ml of sterile, pyrogen-free dis
tilled water added to each centrifuge tube. The mixture was held at 
4° C and at the end of 24 hours, centrifuged at 2500 rpm for 15 
minutes. The supernate (lysate} ~as removed and tested against a 
known concentration of Escherichia coli endotoxin (Difeo} to ascer
tain its potency. The test was considered positive when there was 
the formation of a gel with increase in turbidity. 

Once a suitable quantity of high potency lysate had been 
obtsined clinical use of the test was begun. Burn patients, 5 years 
old or above with 30% or greater burns, regardless of sex, who had 
either positive blood cultures or in whom a clinical suspicion of 

5 tl 
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bacteremia or endotoxemia was entertained, were admitted to the 
study. From 5-7 cc of heparinized blood was drawn aseptically from 
each patient into a sterile pyrogen-free plastic syringe and placed 
in sterile vacuum tubes. The blood was chilled by ice. Plasma was 
separated from the blood cells by centrifugation and aspirated asep
tically. To 1 cc of plasma was added 0.1 cc of 25% glacial acetic 
a~id reducing the pH of the plasma to near 4.0 and precipitating 
protein. This is mixed well, allowed to set for 3 minutes and then 
0.2 cc of 50% phosphate buffer added bringing the pH of the mixture 
to 6.2 - 6.7 rdnge. The solution is centrifuged at 5000 rpm for 5 
minutes and supernate aspirated. To 0.1 cc of the plasma supernate 
is added 0.1 cc of amoebocyte lysate in 3 mn test tubes and mixed. 
The tube is placed in a water bath at 37° C for 4 hours and then 
removed, the test being read for the first time. Twenty-four hours 
later, it is read for the final time. A positive test is the forma
tion of a clo~ with increased turbidity. 

Blood cultures were prepared at the time of collecting samples 
for endotoxin study. 

From September 1, 1971 to April 11, 1972, 180 blood samples 
have been tested for the presence of end~toxin with 9 being positive 
in 6 patients, an incidence of 5%. One patient had 2 plasma samples 
positive for endotoxin and one other patient 3. The rest were 
single positive samples. In only one patient was there correlation 
between a positive lysate test and a blood culture, positive for 
Pseudanonas and Providencia stuartii, that was obtained the following 
day. There were no pos1t1ve blood cultures obtained on the day of 
or following the positive endotoxin assay in the other patients. 

The correlation between positive lysate test for endotoxin and 
blood cultures was not as high as has been reported by some investi
gators. However, others have found lack of correlation between blood 
cultures and endotoxin content of blood. The r~te of reactors was 
lower than has been reported elsewhere. Studies directed to a better 
means of extraction of the endotoxin from plasma or whole blood are 
in progress. Attempts are also being made to improve the sensitivity 
of the lysate. 

The number of positive iysate tests for endotoxin are too few 
at this point to draw definite conclusions. In all of the patients 
there were clinical signs of sepsis or endotoxemia at the time that 
a positive lysate test for endotoxin WdS obtained. With improvement 
in sensitivity of lysate and method of extraction, a higher rate of 
positive reactions is to be expected. 

PUBLICATIONS AND/OR PRESENTATIONS 
None 



55-i 

ANNUAL PROGRESS REPORT 

PROJECT NO. 3A061101A91C-OO, IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

REPORT TITLE: DETECTION OF ENDOTOXIN IN BURNED SOLDIERS WITH SEPSIS 
PART II. NATURAL VARIATION IN SENSITIVITY OF LIMULUS 
~OEBOCYTE LYSATE TO ENOOTOXIN 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SA-\ HOUSTON, TEXAS 78234 

July 1971 - 30 June 1972 

Investigators: 

Robert B. Lindberg, PhD 
Wellford w. Inge, Jr.,MD, Lieutenant Colonel, MC 
Basil A. Pruitt, Jr., MO, Colonel, MC 
Arthur D. Mason, Jr., MD 

Reports Control Symbol MEDDH-288(R1) 

UNCLASSIFIED 

5 6 



55-i i 

ABSTRACT 

PROJECT NO. 3A061101A91C-OO, IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

REPORT TITLE: DETECTION OF ENDOTOXIN IN BURNED SOLDIERS WITH SEPSIS 
PART II. NATURAL VARIATION IN SENSITIVITY OF LIMULUS 
~OEBOCYTE LYSATE TO ENDOTOXIN 

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

Period covered in this report: 1 July 1971 - 30 June 1972 

Investigators: Robert B. Lindberg, PhD 
Wellford W. Inge, Jr., MD, Lieutenant Colonel, MC 
Basil A. Pruitt, Jr., MD, Colonel, MC 
Arthur D. Mason, Jr., MD 

Reports Control Symbol MEDDH-288{R1) 

The exquisite sensiti vity of lysate from amoebocyte of Limulus 
polyphemus to endotoxin offers a new approach to the study of endo
toxemia and endotox,n shock. However, reactivity of lysate varies 
with individual animals. Results with 950 crabs bled on Cape Cod in 
July-August 1971 were assessed for such variation. The availability 
of a standard reacting substance is vital to potential clinical ap
plication of this reaction. Eight hundred seventy-three samples, 
each from 120 ml of Limulus blood, were tested, as were pools of 
comparable lysates. Intensity of reaction was graded f rom 1+ to 4+. 
The objective was detection of 0.001 µg/ml of endotoxin, since this 
level of sensitivity is needed if the reaction is to be useful 
clinically. 0.4% of all samples reacted at 4+ with 0.001 µg ET/ml, 
11% at 3+ or 4+, and 52% at 2+. Marked temporal variation occurred 
in lysate harvested from 7 July to 12 August. No 4+ reactors were 
seen. Four of 19 pools, with 4% of total lysate collected reacted 
at 3+ or 4+ with 0.001 µg ET/ml. Detailed cross-comparison cf lysates 
is needed to make this reaction potentially useful. 

Endotoxin 
Limulus · 

Shock 
Sepsis 
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DETECTION OF ENDOTOXIN IN BURNED SOLDIERS WITH SEPSIS 
PART II. NATURAL VARIATION IN SENSITIVITY OF LIMULUS 

~OEBOCYTE LYSATE TO ENDOTOXIN 

The possible role of endotoxin in the etiology of septic shock 
has prompted 5 decades of research directed toward clarifying this 
phenomenon. Assay of circulating and tissue-fixed endotoxin has 
been difficult and equivocal because of the technically cumbersome 
and insensitive technics which were available. The discovery that 
the clotting mechanism of Limulus pol~phemus, the horseshoe crab, 
could be triggered by trace amounts o endotoxin 112 has led to 
development of an essentially new, simple and quick test for detec
ting endotoxin at the nanogram level. This is the clott i ng, or gela
tion of the protein

4
extractable from the amoebocytes, or blood cells. 

Levin3 and Reinhold have reported detection of endotoxin in the 
blood of septic patients. This is a potentially very important tool 
for study of burn patients, and a program was set up to obtain a 
supply of potent amoebocyte lysate to be used in studying endotoxemia 
and endotoxin shock in severely burned patients. Collection of 
horsP.shoe crabs was carried out on Cape Cod from July 11 through 
August 25, 1971. Little is known about seasonal variations in re
activity of the coagulating protein, but temporal variation has been 
noted, and when it became apparent that this was occurring, detailed 
records of the differences were made. 

Horseshoe crabs are most readily collected in shallow, sandy 
estuarine areas, and the bays on Cape Cod have long provided an 
optimal source. The crabs are not in shallow water in cold weather 
and c llecting can be made only from late spring to early fall. The 
animals were transported by truck, as soon as collected, to holding 
tanks at the Marine Biological Laboratory at Woods Hole. They were 
bled within 3 to 4 days, but never on the day of capture. They were 
bled from the dor sal haemocele, through the hinge tissue of the car
apace, using a pyrogen-free, siliconized No. 13 needle. The bleeding, 
incidentally, need not be lethal, and the animals were routinely re
turned to Vineyard Sound. 120 ml of anticoagulant, which consisted 
of 0.125% H-ethyl-maleimide in 3"/4 sodium chloride, buffered at pH 
7.2, was placed in a 250 ml centrifuge bottle and an equal volllTle of 
blood was collected in this solution. On average, 100 ml of blood 
per crab was obtained. This highly potent anticoagulant is required 
to prevent activation of the Limulus clotting system. If amoebo
cyte rupture occurs in the presence of Limulus plasma, prompt, com
plete clotting occurs. Only siliconized, pyrogen-free glass and non
wettable plastic can come in contact with Limulus blood without 
causing clotting. 

Cells were gently sedimented and washed twice in sterile, pyrogen-
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free, 3% sodium chloride, which is isotonic for Limulus blood. The 
washed amoebocytes were suspended in pyrogen-free distilled water, 
in which the reactive protein is eluted. After 24 hours in the cold, 
the cells were removed by centrifugation. The super natant fluid was 
the amoebocyte lysate. The cell mass from 120 ml of blood was washed 
and eluted in 35 to 40 ml of 3°/4 saline, then suspended in distilled 
water. The lysate tubes were tested, pooled according to reactivity 
and stored at 4° or -70° C. 

Since man is one of the mammals most sensitive to the effect of 
endotoxin, with lethal doses being expressed in nanogram or less per 
kilogram, a sensitivity level of 0.001 µg per mt, or 1 nanogram per 
ml, must be achieved by a test substance if i t is to be useful. The 
Limulus reaction has not yet been reduced to a precise quantitative 
end point. It is expressed in terms of clot and of turbidity. A 
dense, firm, very turbid clot, which forms within one hour after 
endotoxin and lysate have been mixed, is designated as a 4+ reaction. 
A 3+ reaction shows a softer clot, which still remains in place when 
the tube is slanted, with dense turbidity. A 2+ reaction is a clot 
that flows when inverted, and a dispersed turbidity with some flakes 
of coagulum. One-plus reactions are still clotted, but the clot is 
softer still, with slight turbidity and particles cf coagulum settled 
in the tube. 

The reactivity of individual tubes from 873 samples, each tube 
representing the lysate from 120 ml of Limulus blood are summarized 
in Table 1. 

Although meaningful end points of reaction must detect at least 
0.001 µg per ml if they are to be useful in clinical studies, all 
lysates were tested at 2 levels, with 0.01 and 0.001 µg per ml of 
endotoxin. Five pools, A through E, were tested before those listed, 
but at that time the lowest test dilution was 0.01 µg per ml. Since 
these were the first pools collected, and since technics of collec
tion were being standardized, they were not included in this compari
son. On the 18th of July, one tube of those collected reacted at 4+ 
with 0.001 µg per ml of endotoxin, and 22% of all tubes reacted at 
3+. From that time, for 14 successive collections, until 24 August, 
no tubes of lysate reacted with 0.001 µg of endotoxin at the 4+ level. 
Even at the 3+ level, only once prior to 10 August were there tubes 
reacting with 0.001 µg. From 10 August onward, the percentage of 
strong reacting samples slowly increased, and at the end, from 20 to 
25 August, a larger proportion of samples showed a high level of 
sensitivity. The temporal changes in Limulus tysate sensitivity are 
shown graphically in the figure. 

There was little drop in the proportion of strains reacting with 



NO. 
POOL l\JBES OATE 

F 36 18/7 

G 48 21/7 

H l+S 23/7 

I 24 2S/7 

K ss 29/7 

L 48 30/7 

M 48 2/8 

N 31 4/8 

0 32 6/8 

P' 60 10/8 

R 48 13/8 

s 19 16/8 

T 63 17/8 

u 72 19/8 

V 68 20/8 

w 63 24/8 

X 61+ 25/8 
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Table 1 
RE~CTION OF .IJ.!laJl.i NtOEBOCYTE LYSATE 

WITHE, COLI ET1 JULY-AUGUST 1971 

% REACTING WITH % REACTING WITH 
!2.Ql 1i1aLml Q1QQ1 lli5IL111I 

It+ 3+ ,2+ 1+ Neg. ~. 3+ 2+ 1+ 

61 30 6 3 0 3 22 .... 19 

17 27 42 12 2 0 0 0 31 

.... 42 13 0 0 0 7 S8 31 

42 so 4 .. 0 0 0 79 17 

9 38 31+ 9 9 0 0 .... 21+ 

6 46 42 4 2 0 0 S6 3S 

17 46 33 2 2 0 0 11+ 67 

13 ss 32 0 0 0 0 29 ss 
12 31+ so 3 0 0 0 19 S9 

37 47 IS 2 0 0 8 S3 29 

33 SI+ 12 0 0 0 10 69 18 

63 31 5 0 0 0 16 37 42 

32 51 I 7 0 0 0 6 46 .... 
17 61 21 0 0 0 11 1+3 36 

41+ 41 IS 0 0 0 31 47 20 

49 48 3 0 0 3 22 46 28 

33 47 17 3 0 1 17 48 19 
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0.01 µg of endotoxin at the 3+ level, but 4+ reactions with 0.01 µg 
per ml dropped to a low level from mid July to mid August. These 
lots were those which sh·owed , 3+ reaction with 0.001 µg per ml. A 
rising incidence of samples with 3+ reactions at 0.001 µg per ml 
occurred during the last half of August. The optimal lysate was 
that reacting wi ~h 0.001 µg per ml at the 4+ level. The minimal 
amount of this material, even at sunmer's end, was evident. 

The totals of individual tubes of lysa,te and the reacting levels 
obtained are sunmarized in Table 2. Reaction at 3+ and 4+ levels 
with 0.01 µg per ml of endotoxin occurred in 77'/4 of the tubes collec
ted, but at the critical level of reaction with 0.001 µg per ml of 
endotoxin, only 11 % reacted. The number of 4+ reactors with 0.001 
µg per ml was negligible • . Reacting tubes were pooled according to 
degree of activity, at the time each collection was tested. Since 
the amounts of 4+ reacting substance at 0.001 µg per ml were low, 
3+ and 4+ reactor~ were pooled. Weaker reactors were pooled in 
matching strengths, so that maximum usefulness of each tube would be 
retained. The pooled lysates were tested in detail to determine 
exact titers, within limitation of the method. At the same time, a 
careful assessment of the valid end point was made, so that, with 
appropriate controls, the minimal amount of endotoxin in a clinical 
sample could be assayed. Table 3 sllffllarizes these values for the 
2+ and 1+ end points. There were 14 out of 37 ?Ools in which well
defined (but less than solid) gel, and legible turbidity, c uld be 
dEmonstrated with 1.25 nanograms of endotoxin per ml. Three out of 
these 14 pools, totalling 1000 ml of lysate, would detect 1 nanogram 
of endotoxin or less at the 3+ to 4+ level. 

The rEmaining lysate pools could detect 2 to 5 nanograms of endo
toxin per ml. Whil~ this was not sensitive enough· for clinical trial, 
it served adequately for experimental assay of endotoxin in animal 
experiments, and for assaying endotoxin in tissues at autopsy. 

The technic for collecting Limulus amoebocyte lysate is obviously 
still subject to improvement. Recent reports3 have described a 
modified collection technic which yielded a much more sensit ively
sate, and a more effect i ve technic for extracting endotoxin f rom 
plasma for assay. However, the seasonal variations which we observed 
would still affect the relative potency ~f different lots of lysate. 

This series of observations indicate!' that a marked sea.,onal 
fluctuation in reactivity of amoebocyte 11sate occurs. Ther~ is much 
still unknown about the life cycle of the orseshoe crab, which may 
b~ responsible for this variation. The all'leb cyte count of the bloods 
varied markedly; in general, cell "rich" bloods yielded more potent 
lysate, but there were numerous exceptions in each direction. The 
individual amoebocytes contain refractile granules from which the 

512 
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Table 2. 
fflAL IOTTUS 0, LYSATI MD illACTIIIG TITIH 

WITH E. COLI tT 

INTENSITY ltEACTION WITH ltEACTION WITH 
0, ltUCTIOII 0.01 119 ETtNO, 0,COI 119 ETtNO • 

....Jlf IOffiJS a: 11m11 TOTAL i TOTAL i 

... 276 JI .6 .. 0.lt ,. - "5.6 ,2 10.s 

2+ 18' 21.6 J67 1t2.o 

I+ 26 2., 21, 32,lt 

l'LUS MINUS 
OIi 

•GATIVE ' 1.0 118 IJ.s 

EACH IOmE • 20 •I Of LYSATE, FIIOM 120 •I 0, 

OISTl~~:.,:;.o ·EXTUCT FIIOM (AVE) 
I .25 • 

Table 3, 
1971a 

L YSATE POOL Tl T£RS IN ASCEND I NG OADER 

TOTAL '1 MR BWil2tl IIIDPOllfI ,Mal11, · 1 
POOLS 2+ + 

s o.oos 0.002s 

2 o.oos 0.0012s 

16 0.0025 0.0012s 

11 0.00125 0,0006 

0,0006 0.000] 

2 0.000] < 0.0003 

l7 
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active protein is eluted, and granule-poor amoebocytes certainly 
yield lysate less reactive than that from granule-rich cells. This 
finding parallels the reactivity results. 

The results of this collection of lysate from over 900 crabs, 
in July and A~gu~t 1971, may not be typical of all years, but the 
fact that such prolonged, low-l evel results can occur call for 
awareness on the part of those coliecting this reagent. It would 
appear best that collections be made in late June or early July, and 
again in late August and early September, if the more potent reacting 
substance is to be obtained. The supply of hor ~eshoe crabs · is not 
infinite, an~ if this ancient life f rm is to persist, it should be 
harvested with maximum opportunity for ac _uisition of effective 
material. Study of the gelation reaction at both extremes of re
action is needed to obtain a better understanding of this potentially 
useful phenomenon. 
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ABSTRACT 
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Rats infected hematogenously with Rhlzopus rhizopodiformls 
spores develop visceral lesions that mimic humancerebral, pulmonary, 
gastrointestinal and renal phycomycosis. Such rats also provide a 
model to study phycomyco(ic. vascular thrombosis and host sen~itiza
tlon to fungal antigen. The histologic morphology and absence of 
fungi in some types of visceral lesions suggests these fungi ma·y ' 
1 iberate soluble toxic factors. Future efforts wi 11 be to i'solate 
the~e toxins and to study their mode of action and intracellular 
site of origin. 

Hycotoxins 
Phycomycetes 517 
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ISOLATION AND CHARACTERIZATION OF HYCOTOXINS FROM 
PHYCOHYCETES RECOVERED FROM BURNED SOLDIERS 

Fungal burn wound infections (FBWI) have increased markedly 
in ISR patients since the Jnst·tution of Sulfamylon topical nti
bacterial therapy in 1964. A recent serial biopsy study of 70 ISR 
patients demonstrated that 58.8"/o of third degree burns became colon
ized with yeasts and fungi by the third postburn week. 2 Data ob
tained during 1970-1971 suggests that the trend is continuing. 

Pbycam~cetes, saprophytic fungi which are of low patho
genlcity in healthy humans, can produce lethal disseminated infec
tions in patients with severe burns,1,3-5 diabetic acidosis;6 and 
other debilitating diseases.7 Complications of phycomycotic infec
tions are often said to stem from the propensity of the fungus to 
invade blood vessels and disseminate. Phycomycetes can also produce 
local destructive effects. Fat saponiflcation, collagen lysis, 
cartilage penetration, vascular wall destruction, focal necrosis, 
neural invasion and destruction, and penetration through coagu
lated dermal collagen are often observed In fungal burn wound infec~ 
tion by Phycomvcetes. The possibility that these locally destruc
tive effects could delay wound healing and provide an entry point 
for bacterial infection deserves consideration. Although some of 
the above effects may be mediated through lytic enzymes produced 
by the fungus, non-enzymatic toxins may also be involved. As early 
as 1914, Gertner and BlakesleeB described a lethal toxin from a 
Phvcomycete, Rhizopus nigricans, wh ich produced spreading necrosis 
and edema following subcutaneous injection. Since that time myco
toxins have been purified from many fungi,9 especially A~pergillus 
species,10 white the Phvcomycetes have been neglected. From 
Aspergillus have been isolated fibrinolysin (aspergillln 0), hemo
lysln, carcinogen (aflatoxln), edema producing toxin, neurotoxin, 
endotoxin lprimarily a nephrotoxin) and assorted toxic metabo
lites. 10-1 The production of similar toxins bv Phycomycetes, 
should this be established, would have obvious implications regard
ing the pathogenesis and treatment of potentially 1 ife-threatening 
infection caused by these fungi in burned and other susceptible 
patients. 

MATERIALS 

The fungus selected for study was Rhlzopus rhlzopodlformi~ 
(Pr), a Phycomycete known to be a human pathogen, 17 which had been 
originally isolated on 28 January 1970, from a burned human ex
tremity amputated for deeply invasive fungal burn wound infecticn 
(FBWI). It has proved stable during many subcultures on Sabouraud's 
dextrose agar medium. Previous experimental studies at the Institute 
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(Foley FD, Bruck lf1, Warden GD, Hunt JL, Lindberg RB, McKeel OW Jr: 
Unpublished observations) had shown this fungus to be capable of 
producing lethal, disseminated FBWI in Holtzman rats made diabetic 
with either alloxan or streptozotocin and seeded with 106 Rr spores 
applied to a recen ': , dorsal 10-30°/o scald burn. Similar application 
of Rr spores to nondiabetic Holtzman rats with 20°/o dorsal scald 
burns was not lethal; however fungal proliferation was demonstrable 
histologlcally in viable tissue beneath the burn eschar. 

A. SPORE PREPARATION 

Methods. Rr spores were harvested from mature brown-black 
cultures grown on solid Sabouraud's medium by scraping with a sterile 
rod in sterile Ringer's lactate (Rl) medium. Large hyphal and 
sporangial fragments were removed by passing the spore suspension 
through gauze or cotton. The concentration of spores was corrected 
in a white blood cel 1 hemocytometer. Adjustment of spore concentra
tion and serial tenfold dilutions were done using RL. 

B. SPORE INJECTIONS 

1. Intravenous injections. lntr~venous Injections were 
performed by injecting spore suspensions (102-107 spores in one 
ml RL) into the tail veins of 100-200 gm healthy, male Holtzman rats. 
Rats were either autopsied 2-8 hours after death or observed for 
mortality purposes only. Pairs or single rats given 107 spores 
intravenously were sacrificed by bleeding at 8,17,31, and 34 hours 
postlnoculation to observe sequential morphologic changes occurring 
In Infected animals. Control animals were similarly studied after 
being given one ml RL via the tall vein. 

2. Subcutaneous injections. Subcutaneous injections em
ployed 107 Rr spores in one ml RL injected subcutaneously between 
the scapulae of 100-200 gm healthy male Holtzman rats. Animals 
were sacrificed by intraperitoneal barbiturate overdose at 10 days 
postinoculation. Control rats received similar injections of 
one ml RL. 

3. lntracerebral inject ions. Intravenous injections were 
done by injecting 0.1 ml RL containing 107 Rr spores through a one 
nm burr hole into the right cerebral cortex of 100 gm, healthy, male 
Holtzman rats. Control injections of 0.1 ml RL were done in the 
opposite cerebral hemisphere. Rats were sacrificed at 10 days post
inoculation by intraperitoneal injection of an overdose of barbiturate. 

C. HI STOLOGI C STUD I ES 

All autopsied rats were carefully examined by one of us (DwM) 
for gross lesions, some of which were photographed. Selected blocks 
of brain, pituitary, lungs, liver, spleen, pancreas, adrenals, 
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kidneys, esophagus, stomach, intes t ine, bone marrow, spinal cord 
and skeletal muscle were fixed in 10"/4 neutral buffered formalin 
and processed for light microscopy or were fixed in 2.5% buffered 
glutaraldehyde or 4% paraformaldehyde and processed for electron 
microscopy. Light microscopy sections were oft n stained with ~ 
newly developed PAS-Giemsa stain which simultaneously demonstrates 
bacteria and fungi (McNeel OW Jr, Worley BL, USAISR Anl Res Rpt, 
June 1972). Ultra thin sections were double stained with uranyl 
acetate and lead citrate and were examined with an RCA EHU4 
electron microscope. 

RESULTS 

A. MORTALITY 

Subcutaneous spore Injections were not lethal, nor were 
any symptoms noted in these rats. lntracerebral injections also 
were not fatal except rarely when acute hydrocephalus developed or 
when a large dural sinus was inadvertently entered during inocula
tion. Some surviving animals developed lethargy, limb weakness 
and ataxia during the second week after intracerebral spore 
lnoculati9n. 

Tenfold serial di lu tions of Rr spores in RL were given intra
venously to 132 healthy, male Holtzman rats with the results shown 
in Table 1. Spore doses of 105-107 were uniformly lethal, the 
largest dose producing death in 1.8 days. Approximately 60"/4 of 
rats given 104 spores died, while only slight or no mortality was 
noted with lower doses. 

B. VISCERAL LESIONS 

The distribution of visceral lesions in the infected rats 
which died are listed in Table 2. Although to date relatively 
small numbers of rats have been examined histologically, especially 
those given 102-105 spores, the data indicates that kidney and 
brain lesions occur commonly in all groups, whereas lung, gastro
intestinal, liver, spleen and heart lesions occur commonly only 
In rats given 106 or 107 spores. 

C. HISTOPATHOLOGY OF VISCERAL LESIONS 

The PAS-Giemsa proved Invaluable in detecting hyphae in 
areas such as heart, spleen and liver. Since only a few animals 
have been sacrificed sequentially to study the pathogenesis of 
lesions, obs~rvatlons mostly pertain to rats autopsied shortly 
after death occurred spontaneously . 

1. Heart. The most extensive lesions occurred In the 
107 group. Broad areas of myocardial necrosis Involved the right 
more than the left ventricles. Although hyphae could be demonstrated 
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Table 1. Mortality in Healthy, Male Rats Following Intravenous 
Inoculation of Rhlzopus rhizopodlformls Spores 

Dose Mean Day Morta I i ty 
No. Rat · (Spores in 1 ml RL) of Death % 

20 107 1.8 100 

25 106 + 4. I 100 

24 105 + 6.5 100 -
23 104 ! 8.3 60 

20 103 + 9.3 10 -
20 102 + 0 -

Holtzman strain male rats weighing 100-200 grams were in
oculated via the tail vein with the indicated dose of fungal 
spores sus~ended in one ml sterile RL. The date and hour of 
death were recorded. Data represents mean of 3 groups of 
animals given separate spore preparations at each dose level. 
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Table 2. Visceral Lesions in Healthy Rats Given Intravenous 
Injections of Rhizopus rhizopodlformls Spores 

Spore Dose 

107 106 105 104 

Brain 3 3 2 2 

Pituitary 2 0 0 

Lung 3 3 2 0 

Liver 3 3 0 0 

Spleen 3 3 0 0 

Pancreas 3 2 0 0 

Kidney 3 3 3 3 

Adrenal 0 0 0 

Gastrointestinal 3 3 0 0 

Spina 1 cord 0 0 0 

Sketletal muscle 2 0 0 0 

Heart 3 3 0 0 

Code: 0 = never seen 1 = rarely seen 
2 • sometimes seen 3 • commonly seen 

Experimental conditions were as described in the text and 
Table 1. 
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in some lesions, many necrotic areas had no visible hyphae even 
in PAS-Giemsa stained sections. 

2. Lungs. Rats given 107 spores developed diffuse 
lesions throughout the lungs. Light and electron microscopy revealed 
germinating enlarged spores lodged in septal blood vessels and sur
rounded by polymorphonuclear leukocytes (PMN) as early as 8 hours 
after injection. Animals examined at later intervals showed oc
casional vascular thrombi surrounding fungal hyphae, progressively 
increasing interstitial hypercellularity, necrosis of type II 
granular pneumocytes and accumulation of large amounts of lamellar 
and lattice-like forms of surfactant in the alveoli. After 17 
hours, germinating spores were also surrounded by macrophages, 
histiocyte~, and giant cells. Electron microscopy revealed broad 
zones of finely fibrillar material surrounding some spores and 
hyphae wh ic h could be an antigen-antibody reaction forming at the 
fungal cell wall-host tissue interface • . Another observation which 
may indicate how host cells become sensitized to fungal antigen was 
that peeled off layers of fungal cell walls often appeared to be 
enclosed by portions of host cell cytoplasm; coated vesicles, which 
are thought to play a primary role in protein uptake by a variety 
of cells, often enclosed portions of the delaminated cell wall 
material within the Inter ior of these host cells. 

3. Liver. Lesions appeared as microscopic foci of 
parenchymal necrosis. Early lesions contained clear cells with 
swollen vesicular nuclei; hyphae were only rarely demonstrable. 
Later lesions showed occasional giant cells, plus many mononuclear 
cells, lymphocytes and eosinophils. 

4. Spleen. Fungal hyphae penetrated the capsule and 
parenchyma and produced minute foci of necrosis. The predominant 
cellular response was neutrophilic. 

5. Gastrointestinal System. Rats given 106 and 107 
spores always had numerous lesions throughout the gastrointestinal 
tract including the lower esophagus. Earliest lesions involved 
the submucosal microvasculature, many of which were thrombosed. 
Neutrophils and eosinophils infiltrated the submucosa. Later 
lesions showed myriads of proliferating hyphae throughout the serosa, 
muscularis, and mucosa. Light and electron microscopy showed that 
hyphae in some areas penetrated mucosa! glandular cells without 
producing necrosis, but in other areas were associated with intense 
cellular destruct ·on. Rats given 106 spores uniformly developed 
intense,hemorrhagic, necrotizing colitis and bloody diarrhea. Vas
cular thrombosis was particularly prominent in these animals. Gas
trointestinal lesions in animals that survived more than 4 days 
were sometimes granulomatous and usually contained giant cells. 

6. Kidneys. All animals that died, irres~ective of dose, 
had kidney lesions. Enlargement progressed with time post-
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inoculation, thus was most marked in rats given lower fatal doses, 
i.e., 104 and 105 spores. Lesions included acute pyelonephrltis, 
renal vein thrombosis with hemorrhagic infarction (106 only), 
granulomas with giant cells (104, 105), and, occasionally, obstruc
tion secondary to fungal proliferation. The predominant initial 
cellular response was neutrophilic. Periarterial eosinophil ac
cumulation was noted in animals given 104 and 105 spores dying 
between 6-9 days. 

]. Brain. Intravenous injection of 104 - 107 spores 
produced widespread lesions in the cerebrum, cerebellum and brain
stem but only rarely in the spinal cord. The lesions were peri
vascular foci of necrosis and edema with early accumulation of 
neutrophils and later of macrophages and giant cells. Fibrillar 
material and cell wall phagocytosis similar to that seen in lung 
lesions were noted around proliferating spores and hyphae by electron 
microscopy. lntracerebral spore injections led to intense necrosis 
at the inoculation site much greater than in control injection sites. 
More distant areas of the central nervous system showed acute and 
granulomatous mycotic meningitis, ependymitis, choroid plexitis, 
and cerebritls. The parenchymal lesions associated with prolifera
ting hyphae were similar to hematogenous lesions produced by intra
venous i nocu 1 at ion. Vascu 1 ar thrombosis an,' perivascu 1 ar edema 
were common components of both types of le~ions. 

8. Subcutaneous Lesions. Rarely, metastatic fungal 
lesions developed in skin and adjacent skeletal muscle in rats in
jected intravenously with 107 spores. Subc~taneous injection of 
107 spores led to the production in 10 days of an encapsulated 
abscess with myriads of nongerminated spores in the center lying 
among necrotic cellular debris. 

SUMMARY 

Rats infected hematogenously with Rhizopus rhizopodiformis 
spores develop visceral lesions that mimic human cerebral, pul
monary, gastrointestinal and renal phycomycosis. Such rats also 
provide a model to study phycomycotic vascular thrombosis and host 
sensitization to fungal antigen. The histologic morphology and 
absence of fungi in some types of visceral lesions suggest 
these fungi may liberate soluble toxic factors. Future efforts 
will be to isolate these toxins and to study their mode of action 
and intracellular site of origin. 
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This study was undertaken to provi~e more definitive data con
cerning the histopathologlc and cultural identification of fungi 
affecting fatally burned patients at the US Army Institute of Sur
gical Research. A review of the pathologic findings and mycofogy 
cultures of 23 patients who died during the latter half of 1971 
revealed a continued high incidence of fungal burn wound coloniza
tion (87%) and deep invasive Infection (61 %). Fusarium, Candida, 
Huco~ and Asperglllus species were most frequently isolated. Positive 
visceral cultures of fungi occurred in 48%; Fusarium represented 62.5% 
of visceral isolates. The emergence of Fusarlum as a dominant burn 
wound pathogen and the clinical significance of frequent positive 
visceral cultures of this organism warrant further study. 

The growing importance of Fusarium as a pathogen in burned humens 
was further documented by a collaborative study with Dr. Norman 
Conant, a recognized expert in medical mycology at Duke University. 
Fungal growth was obtained from 88.7/4 of the specimens of burn wound 
submitted; Fusarlum represented 65.4% of these Isolates. 

A new histologic stain (modified buffered Giemsa--periodic acid 
Schiff) has been developed which simultaneously demonstrates bacteria 
and fungi in the same tissue section. This excellent cytologic stain 
should greatly facilitate future studies of fungal morphology and 
histopathology. 

Fungi 
Burns 
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DEFINITIVE IUENTIFICATION OF BURN WOUND FUNGI IN FATALLY BURNED 
HILITARY PERSONNEL BY CULTURE AND BY HISTOPATHOLOGY 

Previous reports from this lnstitute1,7 have documented the in
creasing clinical importance and occurrence of mycotic infection of 
the burn wound and its complications. Candida, Phycomycetes and 
Aspergillus were the commonest burn wound pathogens in these studies, 
although many other types of fungi were less frequently isolated. 
The importance of Candida as a potentially let hal pathogen io 
burned patients has been stressed in several recent reports.H,9 

Recent experience has indicated that mycotic burn wound infec
tion is increasingly prevalent in patients autopsied at this 
Institute. This trend was first documented 1 when review of the 
histologic burn wound sections from all ISR patients dying in the 
pretopical chemotherapy era (1961-63) and posttopical chemo
therapy era (1964-69) showed a tenfold increase in wound infec
tions due to Phycomycetes and Aspergillus species during the 
latter period. The present study was initiated to bet t er define 
the genera and species of mycotic organisms causing burn wound 
infection, and to determine whether histologic definition of 
fungal burn wound infection can be improved. This report sum
marizes initial progress toward these goals. 

A. MORPHOLOGIC AND CULTURAL IDENTIFICATION OF MYCOTIC GENERA 
IN POSTMORTEM BURN WOUND SECTIONS 

Data from 23 burn patients autopsied by one of us (DWM) 
at this Inst i tute during the latter half of 1971 were reviewed to 
asses s the current incidence of mycot ic burn wound infect ion in 
patients who succumb. The patient population had a mean age of 
26.5 years (15 males, 8 females). Burns were predominantly flame 
or scald injuries and involved an average of 61. 1% of the total 
body surface (range 22.5-94. 5%). Average survival postburn was 
12 days (range 3-29 days). Virtually all the patients were treated 
with t opical mafeni~e acetate (Sulfamylon burn cream) application 
to the burn wound, and a m~jority received systemic antibiotics as 
well. The primary cause of death in all but two patients was at
tributed to causes other than the fungal infection, the one excep
tion being a 48-year-old diabetic physician who received a 34.5% 
scald burn and died 27 days later with florid ketoacidosis and 
oculorhinocerebral phycomycosis which led to blinc.'.1ess, cavernous 
sinus and carotid artery thrombosis, and multifocal mycotic ab
scesses throughout the cerebrum. 

An average of 8.~ histologic slides per case were examined 
from the 23 c~ses to assess the incidence of fungi in the burn 
wound. These findings were correlated with postmortem mycology 
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cultures with the following results: 

1. Fungi were seen !~ the burn wound in 87/o (20/23) of the 
patients. 

2. Histologically diagnosed invasive fungal burn wound infection 
{FBWI) occurred in 7Cflo (14/20) of the patients with fungi. In spite 
of this high incidence, visceral mycotic lesions were rarely seen 
histologically, although fungi were isolated from viscera or venous 
thrombi in 11 of the 20 patients {55%). 

3. Fungi were seen histologically in 53.3% (81/152) of all 
burn wound areas which, when cultured, yielded growth from 38.2% 
{se~ Table I). Considering all histologic sections of burn wound 
(in l uding those not cultured) from these 23 patients, 54.5% (103/189) 
had 01 ·e or more genera of fungi in the burn wound. 

4. Fifty-eight portions of burn wound yielded 65 mycotic iso
lates representing 13 genera in addition to sporadic mycotic iso
lates from viscera and venous thrombi. The distribution of mycotic 
genera cultur~d from the burn wound and viscera/thrombi are listed 
in Table 1. These data show that 38.2% of portions of burn wound 
cultured had one or more fungi, among which Fusarium {23.3%), 
Candida, Mucor and Aspergillus were commonest. Fusarium isolates 
represented 62.5% of all positive viscera/thrombus cultures. Fusar
ium was seen hlstologically in the lung in bronchiolar mucous, sug
gesting an airborne mode of transmission to that organ. 

The above results indicate an extremely high incidence of fungal 
burn wound infection in ISR patients who died during the latter part 
of 1971. The overall incidence is higher than that reported by 
Nash et at.1 for the period 1964-1969, although they examined data 
from a much larger numb~r of autopsied patients. They found that 
approximately 65% of patients had burn wound sections which con
tained one or more fungi, and noted a marked increase in deep in
fections by broad fungi such as Ph¥comycetes and Aspergillus. The 
emergence of Fusarium and the decline of Phycomycetes as predominant 
burn wound pathogens has apparently occurred during 1970-71, since 
the studies reported by Nash et al. 1 and a prospective biopsy study 
of fungal burn wound colonization in 70 consecutive ISR burn patients 
seen from 15 April to 15 August 1969, reported by Bruck et al.2 The 
latter study implicated Candida albicans as the most frequent burn 
wound colonizer (7Cflo of biopsies)followed by Phycomycetes and 
Asperglllus. Review of the original mycology culture data from the 
latter study revealed that of 34 positive cult~res from 29 biopsies, 
only 3% were Fusarium {one positive culture). 

B. DEFINITIVE IDENTIFICATION OF BURN WOUND FUNGI 

Because of possible species differences in virulence, 
,, 5 ._, 
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Table 1. Hycotic Genera Cultured from Twenty Burn Patients 
at Autopsy, USAISR, August - ~ecember 1971. 

Genus Burn Wound Viscera/Thrombus 

Fusarium 15 15 ( 11 In 1 ung, 1 each 
in liver, spleen, 
adrenal, bladder 

Candida 9 4 (2 in thrombi, 2 in 
lung) 

Mucor 8 0 

Aspergi 1 lus 7 2 (both in lung) 

Cepha 1 ospor i um 7 0 

Scopular lopsus 5 ( 1 ung) 

Al ternari a 4 0 
• 

Absidia 3 0 

Helminthosporium 2 0 

Mycelia sterilis 2 0 

Rhizopus 0 

Penicillium ( 1 ung) 

Sephedonium 1 --1.J.lung) --
65 24 
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elaboration of soluble toxic products and response to therapy, 
and for epldemiologic purposes, it would be desirable to accur
rately define not only the genera but also the species of fungi 
which infect the burn wound. Such species differences are 
well known in bacterial infections and may determine the c linical 
course, survival and treatment of an affected individual. An 
illustration pertinent to burn patients would be the different 
clinical illnesses associated with infection by Pseudomonas 
aeruginosa and Pseudomonas P.Seudomallel. Dr. Norman Conant, an 
internationally recognized expert in clinical medical mycology, 
kindly offered to assist in the identification of fungi. Results 
have been reported from 7 patients autopsied at ISR between 
October 1971 · and February 1972. We submitted 62 portions of 
burn wound which were suspected of harboring fungi by their gross 
appearance at the autopsy table; these were alcohol flamed and 
implanted immediately on slants of Sabouraud's dextrose agar and 
shipped to Dr. Conant. No mycotlc growth was obtain d from 11.3% 
(7/62); the remaining 88.1'/o (55/62) yielded 36 Fusarlum, l4 yeasts 
(Candida), 9 As¼ergillus, and one Phycomycete. Thus, Fusarium 
represented 65. % of the fungi isolated from these specimens. 
Reference laboratories are being consulted to obtain final species 
identifications of these isolates. Additional specimens have been 
submitted, but results are not yet available. 

C. IMPROVEMENT OF HISTOLOGIC IDENTIFICATION OF FUNGI. 

A combined histologic stain which simultaneously demonstrates 
gram positive and negative bacteria plus fungal yeast forms and 
hyphae has been developed. The stain uses a modified buffered 
Giemsa method developed at this In titute by Teplitz and Davis 10 
as an excellent general cytologic and bacterial stain, combined 
with the periodic acid-Schif f (PAS) reaction to stain fungal cell 
walls. The method, which ls detailed in Table 2, was developed 
by Major HcKeel and Hrs. Beverly Worley and has been evaluated 
by the other ISR staff pathologists. The excellent cytologlc, 
bacterial and mast cell staining of the original modified Giemsa 
method is preserved and enhanced by the addition of PAS staining. 
Fungal cell walls are often deep blue or magenta, whereas cyto
plasmic elements are often rose, pink or pale blue. Candida 
stains more intensely than with either modified Giemsa or PAS alone. 
This 5tatn should provide savings in slide preparation time and 
costs, as well as eliminating the need for using separate histo
logic stains to demonstrate bacteria and fungi. The method should 
find wide application in other military and ivilian histology 
laboratories. A manuscript is being prepared for publication of 
the method and its applications. 
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--------------------------------------,..--•~-
Table 2, Procedure for PAS•Glem1e COIN>lned Stein for the Sl11111lteneou1 

Hl1tologlc o-stretlon of Becterle end Fungi 
ll11egent,1 

O.Sl Periodic Acid -
o.s 9"' Periodic Acid 
100 1111 Oht • . H20 

Schiff Re•g•nt -
Herleco Schiff lle•gent #2818 or -ke Col ... n-Feulgen lleegent 

Stock 2,6 pH BuHer 
21t.~ 1111 .2N HCI 
SO •I .2M Glycine 
Qs to 200 1111 with distilled H20. Check •nd •dju1t pH to 2,6 . Store In 
refr'lger•tor, 

Stock Gi-•• St•in 
1 9111 

66 1111 
Gle1111• St•ln (Allied Ch-lc•l) 
Glycerine 

He•t overnight 
66 ., 

In 600C, oven. Cool to rOOIII te111P., then edd 
Meth•nol 

Fl I ter •Ni 

Workir,9 GI .. H 
) ., 
).S •I 
i.s •• 

store in refrigerator, 

(Use only one dey) 
Stock buffer 
Stock gl-u 
Oht. H20 

Heet to 60°t. In oven prior to use. 

Procedures 

pH ).) to ).It 

I, Dep•r•fflnlze end hydr•te through •lcohols to dist, H2o. 
2, Pl•c• In 0.S% periodic •cld for S min. 
). Rinse In dist, H20, 
It, Pl•c• In Schlff's lle•gent for IS min. 
S. Rinse In runnlr,g t•p w•ter for S min, 

•6. St•ln In Herrls' Hellletoaylln for I min, 
*7, lllnse In tap water. 
•8. Olff~rentl•te quickly In acid •lcohol •r.J blue In tap ~•,er, 

9, St•ln In he•ted -rklng glemse In 6o"c. oven for 40 1111n, 
10. lllnse In dist. H2o. 
11. Dlfferentl•te In Abs, Acetone. 
12, Cle•r In equ•I p•rts •cetone-aylene, then 2 ch•ng•s aylene. 
13, Mount In perlllO\lnt. 

•Steps 6,7, •nd 8 Ny be -ltted . for routine use, If desired, Steining 
with ....,..toaylln glv•-re Intensive nuclear steining, useful for photographing. 

lle1ult11 B•cterl• 1t•ln • bright blue. Fungi 1t•ln Ngente, 
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An adsorption technique has been adapted to measure both ~he 
total corticosteroid-binding capacity (CBC) and corticosteroid
binding globulin (CBG) fraction of rat serum followi ng a standard
ized third-degree scald burn over 30% of their body surface area. 
A maximum ir,crease of 20 µg cortisol bound/100 ml sera (CBC) over 
unburned controls was seen 4 days following injury. This increase 
in CBC was entirely accounted for by a twofold increase in the CBG 
fraction. Changes in corticosterone levels paralleled alterations 
in the CBG capacity. Increased CBG capacity was still indicated 
"'1en CBG fraction was corrected for changes in serum globulin 
levels following• burn. Albumin binding capacity (ABC) was eleva
ted the first day postburn only. 

In contrast to the rat, no significant alteration in binding 
capacities occurred in 33 human burn patients studied. The extent 
of the burn injury ranged from 12-69% of body surface area. As a 
result, the level of unbound cortisol was as much as 5 times normal 
in the early postburn period and remained elevated up to 40 days 
after injury. The presence of large amounts of unbound cortisol 
in these sera implies either unprotected hypercorticism ,or binding 
of excess cortisol to other serum components. It is concluded that 
the human., unlike the rat, does not respond with an focrease in the 
synthesis of CBG following a severe burn. 

Corti cos teroi ds 
Steroid binding 

Transcortin 
Lymphocytes 
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LYMPHOCYTE CORTICOSTEROID BINDING IN THE RAT AFTER THERMAL INJURY -
A MODEL OF CHANGES OBSERVED IN BURNED SOLDIERS 

A h;gh plasma concentration of 17-hydroxycorticosteroids ;s 
associated w;th burns in both laboratory an;mals and man. s;nce 
only the unbound or albumin-bound corticostero;d is thought to be 
biologically active, an ;ncrease ;n the level of corticosteroid
b;nd;ng globul;n (CBG), an alpha-globulin, might protect thermally 
injured laboratory animals or man from the ~ffects of a high plasma 
cort;costero;d concentration. By measur;ng the bind;ng act;vity 
of serum proteins, an assessment of the relat;ve amounts of bound 
ond unbound cort;costero;ds can be made. A s;mple adsorpt;on method 
was employed to measure both the total cort;costeroid-binding capa
city (CBC) and the fract;on of the total bind;ng capacity due to 
CBG. Album;n;n-b;nding capac;ty was not measured s;nce it ;snot 
saturable under these experimental condit;ons. Changes ;n the 
bind;ng ~apac;ty are directly related to the availability of the 
2 serum prote;ns for b;nding: album;n, wh;ch has a high capac;ty, 
but low aff;nity for cort;costero;ds; or CBG, wh;ch has a low 
capac;ty, but h;gh aff;n;ty with an assoc;at;on constant 105 greater 
than that of albun;n. 

MATERIAL AND METHODS 

Sprague-Dawley rats were burned by ;nwners;on in water at 100° C 
for 10 seconds in a f;berglass mold to allow a dorsal burn of 30% 
of the;r body surface (Walker, et al · ).1 Sera from these rats, and 
from 33 adult human male burn pat;ents (10-70%) total body surface 
burn were assessed for corticostero;d and cort;sol levels with 
a fluorometric techn;que and transcort;n and albumin bind;ng by 
select;ve adsorpt;on w;th dextran-coated flor;sil us;ng labeled 
cort;so1-1,2-3H before and after heat denaturat;on of transcortin. 

RESULTS 

Rats. Albumin b;nding of cort;sol was d;rectly related to 
sterol'aconcentrat;on and exhib;ted no saturation point. Trans
cortin b;nding could be saturated, rose after ;njury to one and 
one-half t;mes normal by the fourth day postburn, and returned 
toward normal by the 10th day. Th;s curve reflected a similar rise 
;n serum corticosteroid levels during the postburn per;od. 

H1.111ans. Unlike the rat, human transcortin b;nding was not in
creased after injury, and, ;n fact, fell sl;ghtly despite almost 
two-fold ;ncrease in c;rculating cortisol levels. The depression 
of transcortin binding was greater with larger burn size. 
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SUMMARY 

An adsorption technique was adapted to measure transcortin 
binding of rat serum following thermal injury. A maximum increase 
in the rat serum transcortin was seen 4 days following a third
degree burn. Changes in corticosterone levels paralleled altera
tions in the transcortin. Increased levels were still indicated 
when transcortin was corrected for changes in serum globulin levels 
following a burn. The binding by albumin remained relatively con
stant postburn. 

In contrast to the rat, no significant alteration in transcortin 
occurred in h1.111an burn patient serum. As a result, the level of 
cortisol in excess of binding was as much as S times normal in the 
early postburn period and remained elevated up to 40 days after 
injury. It is concluded that the h"'1an, unlike the rat, does not 
respond with an increase in serum corticosteroid-binding activity 
following the stress of a severe burn. 
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Thrombocytosis is a COf'llflon observation after burn injur) , The 
present studies were performed to evaluate platelet and megakaryo
cyte kinetics in laboratory rats inflicted with a 30%, third-degree, 
scald burn. Studies included labeled platelet (51chromium) survival 
and distribution, and femoral bone marrow megakaryocyte concentra
tion and morphol·ogy. Twenty-four hours after burning, thrombocyto
penia was observed as a result of decreased platelet survival and 
burn wound sequestration. This was followed immediately by a su~
tained thrombocytosls resulting from both a synchronous response in 
bone marrow megakaryocyte production and a return of platelet sur
vival to normal. This sustained response may be Ident ical to that 
observed in other forms of tissue trauma and inflammation; and 
suggests that In addition to thrombocytopenia other stimuli to 
platelet production exist. 

Thrombocytosis 
Platelet survival 
Burn thrombokinetics 
Hegakaryocytes 
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PLATELET AND MEGAKARYOCYTE KINETICS IN THE BURNED RAT-
LABORATORY STUDY OF HEMATOLOGIC CHANGES OCCURRING IN 

BURNED SOLDIERS 

Thrombocytosis is a cocm1on occurrence after thermal injury, and 
is associ3ted with elevated fibrinogen concentration and factor V 
and VIII activity. 1 Thrombocyptopenia has also been observed in 
some burned patients, and this is thought to reflect platel e t con
sumption. 1 The dynamics of platelet production and survival are not 
well understood in burns; therefore these studies were undertaken 
in a burned animal model, 

Sprague-Dawley rats were inflicted with a 30°/o third-degree 
scald burn. 1 Following injury, Sier blood volume, platelet count, 
51Cr-1abeled platelet survival, bone marrow megakaryocyte content, 
size, and nuclear maturation were determined. 

Results indicate a significant depression in platelet concen
tration after burn injury followed by a sustained thrombocytosis. 

51cr-1abe1ed platelet survtval indicated that platelet sur
vival was shortened during the early postburn period, and that this 
was an extrinsic effect, since acute postburn platelets demonstrated 
a normal survival curve in normal animals. Labeled platelet seques
tration was identical in burned animals one hour, 5 days and 30 
days after injury, and control animals with regard to liver, spleen, 
lung and kidney accumulation, but there was a 50-fold increase in 
label in burned skin as compared to an equal area of control or un
burned skin. 

Bone marrow megakaryocyte content increased to 4-fold normal 
levels by 48 hours, and remained elevated throughout the 35-day 
observation period. Mean megakaryocyte volume fell initially and 
then rose to supernormal values, suggesting the appearance of a 
group of young cells which were synchronously mature. This was con
firmed by nuclear maturation studies which indicated an abrupt shift 
to binucleated megakaryocytes which in 5 days grew to 8, 16, and 
37 lobed cells. 

The bone marrow megakaryocyte and platelet responsetto burn 
injury is immediate and effective. It may be identical to that 
response seen in other forms of tissue trauma and inflammation . 
The elevated platelet counts noted in polycythemia vera, essential 
thrombocythemia, and inflammatory conditions reflect increased 
platelet production in the presence of normal platelet survival. 
In the early stages, thrombocytopenia and increased platelet 
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destruction may play an important role in the resultant thrombocy
tosis of burned rats. However, in the later stages of recovery 
enhanced megakaryocyte activity persists in the presence of both 
normal platelet survival and thrombocytosis. This suggests that 
another mechanism for platelet stimulation may exist. 
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Severe burns and trauma of the hands produce fibrosis, dlm.inution 
of soft tissue and fixation of normal gliding planes. Conventional 
tendon grafting is highly unsuccessful because of uncontrollable 
adhesions between grafts and surrounding tissues. Experimental and 
clinical work with artificial tendons has clearly demonstrated 
superior results in the severely damaged hand. A 2-stage operation 
is performed that converts undifferentiated connective tissue into 
a new tendon sheath, preparing a suitable bed for a tendon graft, 

The purpose of these investigations will be to study the effects 
of artificial tendons on undifferentiated connective tissue beds, 
to study the blood supply of the newly formed sheath and tendon auto
grafts and homografts, and to compare end function between an auto
graft in a sheath and stored bank homograft tendon. In the firs t 
part of this study 10 chickens, approximately 12 weeks old, had che 
flexor tendons removed from the third toe of the right foot and re
placed with an artificial tendon. Artificial tendons were also placed 
in the soft tissue of the back. Re-exploration performed up to 32 
days postopera tively revealed newly formed sheaths around the arti
ficial tendons, both in the leg and in the back, which differed from 
ordinary flexor tendon sheath and from each other. 

Artificial tendons 
Fl exor tendon i nj ur i es 
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LABORATORY EVALUATION OF ARTIFICIAL TENDONS AND HOMOGRAFTS FOR 
USE IN MILITARY PERSONNEL WITH SEVERE FLEXOR TENDON INJURY 

Consistently good results in flexor tendon repair after severe 
burns and hand trauma has not been a reality. Far too often the 
repaired tendon becomes densely adherent to surroundi~g connective 
tissue by scar resulting in absence of gliding. The use of artificial 
tendons in flexor tendon injuries of the hand has produced results su
perior both clinically and experimentally to any other technique 
tried thus far. The technique necessitates a two-stage operation and 
a supply of tendon auto~raft. Unfortunately, in the severely trauma
tized patient, autograft is not always available. Therefore, cadaver 
tendon homograft, successfully used clinically by some investigators 
on a small scale, presents an interesting possibll lty in the patient 
with massive trauma or in instances of mass casualties. 

The purpose of these studies is to sequentially investigate 
(I) the effect of artificial tendons on undifferentiated connective 
tissue beds and study the nature of newly formed sheaths histo
logically by electron microscopy and to compare them with normal ten
don sheaths, (2) to study the blood supply and metabolism of sheaths 
and tendon autograft and homograft, and (3) to compare the function 
between autograft in a sheath and homograft in a sheath. 

METHOD 

In this experiment, 10 chickens -of approximately 12 weeks of 
age and 2 kg body weight were used as the experimental animal. In 
all cases the chicken was anesthetized with Penthrane and the right 
foot prepared with a five-minute scrub with pHisoHex solution and 
alcohol. Following sterile draping, a lateral incision was made in 
the long toe, and the flexor tendon system identified. The flexor 
profundus and sublimis tendons were removed as well as most of the 
sheath, leaving intact two pulleys. An artificial tendon of length 
equal to the segment of profundus tendon removed was then inserted 
under the pulleys and anastomosed distally and proximally with 
interrupted sutures of 4-0 nylon. The foot was cast inflexion, 
the animal turned on his side, and following sterile preparation 
and draping, a 2-inch segment of artificial tendon was then in
serted in the soft tissue of the back. All casts were removed within 
three weeks and unsacr If iced animals were then allowed to ambulate 
ad lib. Animals WEire serially sacrificed from 7 to 34 days post
operatively. Specimens of normal flexor tendon sheaths were taken 
for controls as well as artificial neo-sheaths from the back and 
from the toes which had been operated on. 

RESULTS 

In all cases undifferentiated connective tissue had formed 
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sheaths around artificial tendons placed in the soft tissue of the 
back as well as in the injured toe. Grossly, the sheath in the back 
was filmy, clear and moist on the surface next to the tendon. Sheaths 
that had formed around the artificial tendons placed in the toes were 
much thicker than the sheaths that had formed in the back or those 
on the control normal flexor tendons. Microscopic examination re
vealed that normal tendon sheath consisted of two layers. The layer 
adjacent to the g Ii ding tendon prosthesi s varied from sing I e to 
several cells thick and was incomplete in some areas where uncovered 
collagen fibers were exposed. Underneath was a· collagen layer that 
varied in thickness depending on the part of the sheath that was re
moved. Specimens from the back revealed formation of a11 neo-sheath11 

as early as 7 days postimplantation that likewise consisted of two 
layers. At 7 days, an in<.omplete monocel lular layer was adjacent 
to the artificial tendon. Underneath was a fine collagenous layer 
that was loosely packed. Specimens taken as late as 28 days re
vealed the 2 layers to be better defined. Biopsies of the specimens 
of nee-sheaths in the foot and the injured toe as well a~ normal 
tendon sheaths in uninjured toes were both taken from "no man's 
land, 11 The 11 neo-sheath11 in the foot was composed of dense collagen 
with a surface layer of collagen fib~rs partially covered by fibro
blasts. The underlying collagenous layer was markedly thicker than 
ormal flexr.r tendon sheath or the sh~ath that had formed in the 

back. 

CONCLUSION 

Artificial tendons implanted in the toes and soft tissue of the 
back were successful in causing und i fferentiated connective tissue 
to form a 11 neo-sheath11 about the implanted material. Significantly, 
the sheaths did differ from each other. Perhaps unlimited motion 
and the mechanical trauma of walking elicited a connective tissue 
response that formed a thicker sheath of more dense collagen in the 
toe. The tendon implanted in the soft tissue of the back was essen
tially immobile and a lesser connective tissue response was elicited. 
Significantly, both nee-sheaths seemed to possess a fibrous collagen 
component with an incomplete cellular lining similar to normal tendon 
sheath. Therefore, their differences are in degree rather than in 
kind. Electronmicroscopy studies and scanning electronmicroscopy 
studies are in progress which may ,elucidate ultrastructural dif
ferences as we 11. 
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Biologic dressings aid healing of second degree burns, promote 
granulation of denuded surfaces, decrease bacterial proliferation 
on open wounds and increase rate of epithelialization. This study 
was designed to determine if application of a biologic dressing 
would accelerate the healing of a split thickness skin graft donor 
site. 

Split thickness skin at 10/lOOCth :nch was harvested from the 
anterior portion of the thigh in 17 patic~ts requiring grafting. 
The donor site was divided into thirds and each area randomly 
assigned 1 of 3 methods of treatment, which included porcine xeno
graft, s~line soaked fine mesh gauze or no dressi~g. Surface 
covering on all wounds was allowed to separate spontaneously and 
time of complete healing of each respective donor area determined 
by daily inspection. Photographs and biopsies were taken at 10 
and, in selective cases, at 30 days postoperatively. Biopsy speci
mens were coded and evaluated for healing by light microscopy. 

Rate of donor site healing and character of the healed skin 
were comparable by visual and biopsy examination when comparing 3 
methods of donor site treatment in 11 patients. However, in 6 
patients incorporation of all or part of the xenograft in the split 
thickness donor site areas occurred, resulting in erythematous, 
raised wounds with delayed healing. Histologic evaluation revealed 
disorg1nized healing with host fibroblast invasion around or through 
portions -0f the porcine graft and incorporation of porcine dermis 
between host epidermis and ~eep dermal structures. 

t:::' ~-3 .:, , 
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Application of porcine cutaneous xenograft does not improve 
split thickness skin graft donor site healing and may even promote 
disorganized healing and formation of foreign bod)· granuloma. 

Biologic dressings 
Skin graft donor sites 
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BIOLOGIC DRESSINGS FOR SKIN GRAFT DONOR SITES IN BURNED TROOPS 

In the seriously burned patient donor sites may be quite 
limited. Though recipient sites may be ready for grafting, a re
cently uti 1 ized donor area may not be healed enough to "recrop11 • 

Techniques that would hasten healing and retard infection of donor 
sites would be valuable. It has been found that homografts and 
heterografts applied to second degree burns lead to early epHheli
zation, less bacterial contamination, more organized histologic 
healing and better cosmesis than similar burns left uncovered. 

The purpose of this study was to evaluate a technique that 
might hasten healing of split thickness skin graft donor sites. 

METHOD 

In 17 patients requiring skin grafting, the left or right 
anterior thigh was chosen as a donor site. All donor sites were 
prepared with a 5 minute Betadine scrub and then draped with 
sterile sheets. Split thickness skin, 10/lOOOth inch thick, was 
taken with the Brown dermatome. Pressure was applied to the donor 
site with 4 x 4s soaked in dilute epinephrine solution, 1:100,000 
concentration, to achieve hemostasis. Once hemostasis was achieved, 
the donor site was divided int•) thirds and randomly treated with 
porcine xenograft, saline soaked fine mesh gauze or left open for 
blood coagulum. Xenografts were observed daily and changed if 
subgraft suppuration dev~loped. Fine mesh gauze and blood coagulum 
were allowed to separate spontaneously. Rate of healing was evalu
ated visually and by biopsies of the donor si t es taken at 10 days 
and in selected cases, 30 days postoperatively. Specimens were 
evaluated by light microscopy for epithelialization, differentia
tion of epidermal layers and changes in dermis. Dono r sites were 
evaluated visually each day for differences in color or texture. 
If obvious differences were noted, color pictures were taken. If 
any donor site became purulent cultures were taken and the frequency 
of i"fection t abulated. 

RESULTS 

In 11 patients visual and biO?SY evaluation of donor sites 
revealed no difference in the rate of healing or the character of 
the healed wound. Though the fine mesh gauze, blood coagulum and 
xenograft separated on different days, there was no di fferenc e in 
the rate of healing. However, 6 patients demonstra t ed incorpora
tion of the porcine xenograft in the healing donor site. These 
donor sites appeared erythematous and raised. Histologic evalua
tion revealed incorporation of dermal collagen, disorderly epidermal 
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maturation and formation of mitia at the graft-recipient junction. 
Visual re-evaluation at 30 days did not reveal any improvement. 
Significantly there were no infections of any donor sites nor did 
any xenografts have to be removed. 

CONCLUSIONS 

Coverage of split thickness donor site with a biologic dressing 
of porcino xenograft does not accelerate donor site heating. In 
fa d , it caused cosmeticand histotogic complications in a signifi
cant n1.1nber of patients in this series. No instances of xenograft 
incorporation have been documented as yet with second degree bun ,s. 
It is ~bvious that a split thickness skin defect created by the 
dermatome behaves differently than a partial thickness burn in: ~s 
response to porcine biologic dressings. Therefore, white pig~kin 
may be useful in covering healing second degree burns, it is 
inadviseabl e to use it for coverage of donor sites. 
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This study was undertaken to determine if glucose reabsorption 
by the kidney was linked to that of sodium as has recently been 
shown to be true for uric acid, calcium, phosphate and bicarbonate. 
Since sodium reabsorption is controlled by extracellular volume, 
glucose reabsorption was measured in dogs with normal, expanded, 
and contracted extracellular volumes. Also, the effect of glomeru
lar filtration rate on glucose reabsorption was examined. 

Sodium 
Glucose 
Extracellular volume 
Glomerular filtration rate 
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VOLUME CONTROL OF RENAL GLUCOSE REABSORPTION--LABORATORY 
STUDY OF CHANGES IN SICK AND INJURED TROOPS 

Disorders of gluccse metabolism characterized by overproduction 
of glucose and underutilization are common in troops subject to 
trauma or medical illness. These disorders of glucose metabolism 

·would not result in symptomatic hyperglycemia if the kidney ex
creted this excess glucose. Since the kidney c001T1only does not 
excrete this excess glucose, this study was undertaken to determine 
if glucose is reabsorbed by the kidney by an independent rate 
limited transport mechanism or if glucose reabsorption is linked 
to that of sodium. Since sodium reabsorption is controlled by 
extracellular volume, glucose reabsorption was measured in dogs 
with normal, expanded, and contracted extracellular vol,umes. Our 
data show that glomerular tubular balance fvr glucose exists and 
that this balance is disrupted when sodium reabsorption is changed. 
Furthermore, changes in sodium reabsorption are direct -ly paralleled 
by changes in glucose reabsorption. The relationship of sodium 
reabsorption to that of glucose is demonstrated in Figure 1. The 
data demonstrating glomerular tubular balance for glucose is 
presented in Figure 2. 

Glucose reabsorption has been used as a marker of proximal 
tubular reabsorption. ADH, which is markedly chloriuretic and na
triuretic, does not affect glucose reabsorptlon indicating that 
ADH exerts its effect on sodium transport distal to the proximal 
tubu 1 e: 
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Kurtzman, NA, White, MG, Rogers, PW, Flynn JJ Ill: The rela
tionship of sodium reabsorption and glomerular filtration rate to 
renal 9lucose reabsorption. Proc Jlrner Soc Nephrology 5:42, 1971. 

Kurtzman, NA, White MG, Rogers PW, Flynn JJ I II: The rela
tionship of sodium reabsorption and glomerular filtration rate to 
renal glucose reabsorption. J Clin Invest 51:127, 1972, 
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Kurtzman NA: The Relationship of Sodium Reabsorption and 
Glomerular Filtration Rate to Renal Glucose Reabsorption. Amer 
Soc of Nephrology meeting, 22 Nov 71, Wash DC. 

,- ~o .J ' 



5 

4 

..li.. 
GFR 3 

mg/ml _ 

62-2 

..... 
:,:'.'i'··. . .. . .. . ,; ... : 

2 •• • ... " •• :· .. , .. ,, • •• • • • •• :· 
..... •• • • .1.;• ... :\ i: .. _:. ... . . 

0 

10 

. · ... ·.,, ... ··. ~; .· . .. -··· ... .. .. . '. . . . ...... . 

5 10 

. . . • • • • .. • • • ·! · .. . , ·:• 
15 20 25 

CNa/ GFR X 100 

Figure I 

CNa/GFR < 1% 

0 ..... 
,. 0. 0 

0 0 ....... 

• •• • •• • • • • .. ~""' • 
• ~.ll • 

0 ..... ... , •• 

20 30 40 so 10 
GFR ml/min 

Figure 2 

5 .:.1 

30 

10 

•- Dot • 
•- Dot II 
• - Dot II 
• - ht .. 
• - o.,u 

80 

.. 
40 



6~ 
I , ANIICY"CC- LDATIOP_,.... ,------lll!WIICH AND TICHNOLOGY IOllt UNIT SUMMY DA OD 6398 72 07 01 DC>-DR6l!(AR)U6 

I, DATC PNY IUll'•'f ....... , ......... I. ..,_,._., ICT .. r- ICCUMT .. , .......... r· •r .... , ... jj~•CIPIC OAU • r LaYaL OP IIIW 

71 07 01 K.COHPLETIOI u u NA NL T• -CTOflt ACCCII ... o.. ._ __ , 
,o. N0.1::·ooa:1,• -•••'-••NT l'IICU.CT NIIMNII TAIK All.A NUll• -11 -IINITNIIMNII 

........ 'f bZI IOA 3A0bZ110A821 00 111 
~ _,.ouT1Ne bl 102A 3AObll02B71R 01 1

:::::::;::::::t::::::::]:1::::
1
::
1
::::1

1:::j:j:::::::i~i:j:::::::t:i:j:i:::::::1:::1::::J:::::::1::::Itl:i:i:i:J:::::::i:iI c. CONYMOUT,_e 

~,. TITLa , __ .,. -• c-•-~• 
(U) Platelet Fun ct I on in the Burned Soldier (44) 

ti, IC.IC•Tl"C MD TCCNIICMaCMICAI. A .. Ar 

003500 Cl in I cal Hedi cine 
[II.•"'""' - • 1•• - -- ·•v""-L.• ,i,vw v• '• i•L PIINDI•• •-•CY I .............. .c •• , .... 

70 06 72 06 DA I C. In-House 
IIT, CONTMCT/OM•T Not Appl icab e · • •HOUIICH HT'.MATI &PM, ...... ALMA•YM "'Pu•aap,,--, 

• DAT~PPaCTIYa, .. ~ ... ,-. 
~ ....... ,. PIICAL. 72 0.3 12.8 
& T'f'Pa1 • AIIOUNTi YCAIII ,------
• ••o.o, AWAR:01 f,CUM , AMT, 73 0 0 
• • ••-•--• - --••ATIO• I • ·"•-•oa•••••n- I I 
•"'

1••·us Army Institute of Surgical Research ·--=- us Army Institute of Surgical Researc~ 
Hetabol i c Branch 

•-••• Ft Sam Houston, Tx 78234 ~-•.- Ft Sam Houston, Tx 78234 

~IIClf'AL l•YSITIOATO• ,,_ .. - lfi,,I , •-,_.,, .. ....., 

Nll'ONll ... al•DIYIDUAL •--:• Karl Euren i us, Kl'J, HC ...... Basil A Prut tt, Jr' LTC, HC ,. ·-·· 512-221-3411 
TCL.CPNONC1 512-221-2720 IOCIAL. MCUtlltTY ACCOUNT • UIIN• : 

ilt , N•aa&LIIH i&MOCIAH l•YHTIOAT-

FOREIGN INTELLIGENCE NOT CONSIDERED ••••Gerald Rotherberg, Kl'J, HC .... , P W Curreri_ LTC Mr DA 
... 91. ,--..-,~----.. -___... .... _, 

(U) Burn; (U) Coagulation: {U) Platelets 
... HCMNICM. .... CTI Va,• 14 Al'-ACN, ... ___ ,_ .. -----· _,_.,. - · ,..._ -·., _ ... - C'-•'·-- _ _ , 
23. (U) Platelet function wl t h respect to coagulation studies, including disseminated 
intravascular coagulation in thermally injured rats and selected burn patients. 

21 • (U) Assessment of ADP platelet aggregation In bll n patients and a laboratory 
animal model. 

25. (U) 71 07 - 72 06 Rats: IIIITlediate postburn suppression and subsequent 
overshoot of ADP Induced platelet aggregation . Plasma-serum factor in 
postburn per iod capable of suppressing normal platelet aggregation. 

Humans: ADP induced platelet aggregation is depressed after burn 
returns only very slowly to norma 1, in rel at Ion to burn size. 

... NIie Me ,o c•t.-cf .. - MMAe-- - .. ,. 

DO, ~~~".1498 P1t•v1ou• KDITION8 OP' THl8 P'OIIM AIIK D • IDL•T• . O D ,.o ........... . I NOY H 
AND ..... I , I .... II 1" 011 ...... uau ..... D • aoL•T• . 

r.- ·2 .:,··' 

acute 

injury and 



63-i 

FINAL REPORT 

PROJECT NO. 3A062110A821-00, COMBAT SURGERY 

REPORT TITLE: PLATELET FUNCTION IN THE BURNED SOLDIER 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SPI-\ HOUSTON, TEXAS 78234 

1 July 1971 - 30 June 1972 

Investigators: 

Karl Eurenius, MD, Major, MC 
Gerald Rothenberg, MD, Major, MC* 

i: f'rom the Department of Patho l ogy, Brooke Army Medical Center, 
rort Sam Houston, Texas 78234 

Reports Control Symbol MEDDH-288(R1) 

UNCLASSIFIED 

_-.,:~3 
'-1 \..• 



63-i l 

ABSTRACT 

PROJECT NO. 3A062110A821-00, COMBAT SURGERY 

REPORT TITLE: PLATELET FUNCTION IN THE BURNED SOLDIER 

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

Period covered in this report: 1 July 1971 - 30 June 1972 

Investigators: Karl Eurenius, MD, Major, MC 
Gerald Rothenberg, MD, Major, MC* 

Reports Control Symbol MEDDH-288{R1) 

Platelet aggregation is suppressed in the rat in,nediately after 
burn injury. This suppression appears to be mediated by a plasma 
factor. By 24 hours after burning, platelet aggregation is super
normal and then falls to normal. Enhanced aggregation could not 
be related to an extrinsic mechanism, but may be related to the 
appearance of a cluster of new young platelets in response to 
injury. These changes are discussed with relation to coagulation. 

Burn Coagulation Platelets 

* From the Department of Pathology, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234. 
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PLATELET FUNCTION IN THE BURNED SOLDIER 

In burned patients we have frequently observed alterations in 
hemostasis, resulting in life-threatening hemorrhage or thrombosis. 
Survey studies indicate significant elevations in fibrinogen and 
~~atelet concentration and factor V and VIII activity, although 
some patients fail to support this response and bleed. A recent 
examination of platelet and megakaryocyte kinetics in scald burned 
rats demonstrated early thrombocytopenia due to burn wound sequef
tration, followed by sustained thrombocytosis (Eurenius, et al). 
One in vitro test of in vivo platelet function is platelet aggre
ga ciorl, the agglutinaTI'onot platelets in the presence of _adenosine 
diphosphate (ADP) or substances which mediate the release of endo
genous ADP. We have assessed aggregation in rats after burn 
injury. 

MATERIALS AND METHODS 

Sprague-Dawley, male rats (150-220 gm) were inflicted with a 
30"/4, third-degree, scald burn under pentobarbital anesthesia 
(Walker, et al).2 At one and 6 hours, and 1, 2, 4, 6, 15, 20, and 
30 days postburn, these rats were bled by cardiac puncture using 
plastic syringes, and a 9 volume blood: 1 volume, 3.2% trisodium 
citrate anticoagulation mixture prepared. Ten animals were 
examined at each period. Platelet rich plasma (PRP) was collected 
a5 the supernatant material after centrifugation at 350 xg, 15 min 
RT, and platelet poor plasma (PPP) was collected as the superna
t a•,t ma t erial after centr'ifugation of the remaining blood at 1100 
xg for O min RT. Platelet counts were determined with phase micro
scopy in counting chambers after dilution of the plasma with 1% 
anmonium oxalate. 

Aggregation was recorded and measured using a recording densi
tometer equipped with magnetic stirrer (1100 RPM) and constant 
temperature blo~k (37° C). To each 1.2 ml sample of pre-warmed, 
pre-recorded PRP, 0.05 ml of ADP was added. Aggregation curves 
were r~corded, trac,ed, weighed and converted to integrated area 
per 106 platele t s p,er nm3 PRP, since earlier studies demonstrated 
a linear relationship between PRP platelet concentration an the 
area described by the aggregation curve. 

A group of rats similar ly anesthetized and burned was assessed 
for calcium and urea concentration, thrombin and partial thrombo
plastin time, factor VIII activity (activated PTT as say), plasma 
fibrinogen and blood platelet count. 

RESULTS 
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A prompt reduction in aggregation was observed immediately 
after burn injury, followed at 24-48 hours by a brief but signifi
cant "overshoot" and a gradual return to normal. Mean curves of 
control, 1 hour, 48 hours and 6 day tracings are presented in 
figure 1, and all aggregation data are presented in Figure 2. 
Associative coagulation data from the same observation periods are 
presented in the table. 

Aggregation of control, 1 and 48 hour postburn PRP, after pre
incubation (15 min, 37° C) with equal vol1.1T1es of PPP from each of 
the 3 grou~s was rext studied. Results, figure 3, indicate that 
there is no significant change in the reaction when each PRP is 
preincubated with its own plasma (B, D), or when control PRP is 
preincubated with 48 hour postburn plasma (C), but a significant 
suppression of normal PRP aggregation occurred in the presence of 
PPP from 1 hour postburn rats, indicating the presence of an 
extrinsic inhibitor. 

DISCUSSION 

In vitro platelet aggregation may be elicited by various sub
stances, including ADP, soluble enzymes (thrombin), collagen, 
particulate matter, saturated fatty acids and antiplatelet serum. 
Catecholamines, heat denatured plasma, and lecithin have also been 
reported to be effectors. The reac tion is mediated in most cases 
through endogenous ADP. The magnitude of this reaction ,s; depend .. 
ent upon platelet and ADP concentration, temperature, turt~lence, 
calcium, fibrinogen and pH. 

We noted both significant depression and augmentation of the 
aggregation response in burned rats. At the time that suppression 
was noted (1 hour), the thrombin time was sign1f~ ~~ ntly prolonged 
in the absence of heparin and in the presence of increased fibrino
gen concentration. This suggestt?d the presence of fibrin degrada
tion products, further confirmed by the subsequent decrease in 
platelet count, fibrinogen and factor VIII (see Tabl~). Fibrin 
split products have been associated with increased and decreased 
platelet ag regation. Decreased platelet aggregation has been 
repor ted in cirrhotics with fibrinolysis as measured by prolonged 
thrombin times. Although depressed platelet adhesion has been 
observed in urernia, we were un,ible to demonstratt! renal failure 
throughout the postbur period . Failure to aggregate as a result 
of hypercorticosteronism is unlikely since steroid levels are ele
vated not only initially but throughout the convalescent period 
(Mortensen, et al).3 Although intrinsic platelet damage may ex
plain this early inhibition of aggregation, we have also demonstrated 
a potent extrinsic inhibitor. It is unlikely that the factor is 
ADP, released from red cells during the hemolysi s making the plate
lets refractory to further ADP challenge, :dnce mixing normal 

"' .. G 



0 

z 
=> 10 
>-
~ 
u; 
z 
~ 20 

• 0:: 
<I 
o:: 40 
~ 

III 
0:: 
<I 

50 

63-3 

I r'_,, r ··· ,,,.,.,.,.,,· 
OI
i , .. , 

. j I• ,,•'/ •-• CONTROL 
, --..o I HOUR POSTBURN 

• - • 48 HOURS POST BURN I •-• . DAYS POSTBURN 

,, / . ...,. 

,.___-4----+----4----.--~-+-------
0 100 200 300 400 500 600 

TIME IN SECONDS 

Figure 1. Hean a~gregation curves for platelets from control, 
hour and 2 and 6 days postburn animals. Resu l ts are expressed 

as optical density c~ange per million platelets in response to 8.5 
x 10-6 H ADP, and plotted as a function of time i n seconds. 
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Figure 3. Platelet aggregation, measured by curve integration 
of normal platelets incubated with either 1-hour postburn plasma 
(A), or 48-hour postburn plasma (C). Compared with 1 hour (B) 
and 48 hour (D) postburn platelets incubated in their own plasma. 
Significantly different mean from that of cont rol indicated by -I: . 
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platelets with 1 hour postburn PPP did not cause aggregation before 
the addition of ADP. 

The enhanced aggregation observed in rats 24 and 48 hours after 
burn is of some interest. Endotoxin, fibrin split proct.lcts, and . . 
the postoperative state have been associated wi t h augmen ed aggre
gation. Postoperative hyperaggregation has been attributed to 
the release of young platelets with an increased metabolic re
quirement. Young human platelets aggregate better with collagen 
than old platelets, but this has not been confirmed with ADP. We 
have. previously descr i bed the appearance of a synchronous burst 
of new platelets after burn injury beginning at 24 hours {Eurenius, 
et al ).1 

If in vitro aggregation reflects an important aspect of plate
let func tioii"""Tn hemostasis, factors affecting this mechanism in
cluding fibrin degradation products, may be closely related to 
the hemorrhage and thrombosis seen in burned patients. 
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The Dopp 1 er fl owmeter is c 1i ni ca 11 y useful in determining 
peripheral blood flow in patients with circumferential limb burns 
and its use has decreased the performance of escharotomy by 50%. 
A systolic blood pressure, unobtainable by conventional means, was 
recorded in 33 patients, either in shock with massive limb edema 
or in the pediatri~ age group, and was valuable in guiding therapy. 
Venous occlusion was documented in 8 patients in whom a venogram 
was difficult to obtain because of the burn injury. Clinical use 
of the instrument continues, but the study is completed. 

Circulation 
Extremity 
Thermal injury 
Eschar-otomy 
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CIRCULATION IN THE EXTREMITIES OF BURNED TROOPS 

In a controlled prospective study (Moylan, et al), 1 the Doppler 
ultrasonic flowneter has been found to be a sensitive instrUTient 
in evaluating distal extremity blood flow following circumferential 
third degree limb burns. Continued usage of the flowmeter .for this 
test and newer uses are the subject of this report. 

During the year 1971, 47 patients with limb burns averaging 
8S% of the extremity surfaces were admitted to the US Army Institute 
of Surgical Res~~rch. A total of 116 limbs had some third degree 
involvement. From our prior experience, over 80% of these limbs 
would necessitate escharotomies, based on clinical judgment. How
·ever, using the Doppler flowncter, only 18"/4 of this group required 
an escharotomy. The ultrasonic flowneter permitted a limited 
escharotomy in 4 upper limbs when return of flow to terminal digits 
was noted following a decompression limited to the wrist. The 
Doppler flowneter allowed rP-peated monitoring of each limb to 
confirm the adequacy of flow over the next 48 hours. 

The Doppler flowmeter was also used·to monitor blood pressure 
in both adults and children, in whom it would have been otherwise 
unobtainable because of severe upper limb edema, the presence ~f 
burn per se, or absence of upper limbs. During this period, 33 
patients were in this category, many being children. Measurement 
of blood pressure in these circumstances was a valuable adjunct to 
therapy as all required vasopressors to maintain an adequate blood 
pressure. 

Many patients with lower limb burns had persistant edema in 
their legs following the diuretic period. The etiology of the 
persistent edema was not clear. In 8 individuals in whom a veno
gram was difficult to obtain because of the burn injury, venous 
occlusion was diagnosed and the course of therapy was evaluated by 
repeated Doppler flowneter examinations. In other patients, the 
patency of their major venous tributaries was established in the 
presence of limb edema and no anticoagulant therapy instituted. 
There were no pulmonary emboli, either clinically or at autopsy, 
in those patients who expired in this group. 

Clinical use of the ultrasonic flowneter continues but the 
study has been completed. 

REFERENCE 

1. Moylan JA,Jr, lnge W,Jr, Pruitt BA,Jr: Circulatory changes 
following circumferential extremity burns evaluated by ultrasonic 
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flowneter: An analysis of 60 t hermally injured limbs. J Trauma 11: 
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Urethral catheterlzation is essential to evaluate the adequacy 
of resuscitation in the patient with extensive burns by monitoring 
the urinary output. Urinary tract infections related to catheteriza
tl i)n are among the most Important complications attendant to their 
use and appear to be directly related to ~he duration of catheter resi
dence within the bladder. This prospecti~e study was designed to deter
mine the Incidence of urinary tract infections and the organisms in
volved In catheterized burn patients, to establish the Incidence of 
persistent Infection at the time of discharge fr01 .. the hospital, and 
to desci'ibe the pathogenesis of such infections. 

Thirty-four male patients between the ages of 15 and 45 years, 
with burns f from 5 to 76% of the total body surface (mean burn size 
40%), admitted to our burn center within 48 hours of injury and re
quiring placement of ao !ndwelling urethral catheter were included in 
the study. Quantitative urine cultures were obtained serially until 
discharge. Depth and location of burn, duration of catheterizatlon and 
the clinical course of each patient were documented. 

Probit analysis of the data revealed that after 11 days of con
tinuous catheterizatlon 50°/4 of patients had significant urinary tract 
bacterial counts, I.e., greater than 105 colonies per cc of urine. 
Only a few urinary tract infections failed to clear following catheter 
removal and required antibiotic therapy. The causative organisms were 
common inhabitants of the burn wound. 

Bacterlurla 
Urinary tract Infection 
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It has been a clinical impression that intestinal anastomoses, 
as well as abdominal incisions heal more slowly in burn patients as 
compared to comparable surgical incisions and procedures in nonburned 
patients. In an attempt to study healing in intestinal incisions, a 
surgical incision was made in the antimesenteric border of the cecum 
of Sprague-Dawley rats. Four groups of animals were studied: (1) 
burned, no cecal incision; (2) burned, abdominal and cecal incisions; 
(3) nonburned, abdominal incision only; and (4) nonburned, abdominal 
and cecal incision. Healing of the cecal incision was tested by 
measuring the bursting pressure of the cecum. At 3 days postopera
tively the incised cecums of both the nonburned and burned rats were 
equally weak as compared to non-incised cecums which were twice as 
strong. At S days postoperatively the incised cecums of t he burned 
rats were weaker than the incised cecums of the nonburned rats whi ch 
were as strong as the non-in~ised cecums of both groups. However, 
at 7 days postoperatively the incised cec1.ms of both burned and non
burned animals were almost as s trong as non-incised cecums. One can 
conclude from this study that ther~ is a lag period in healing in 
the incised cecl.lTI of t he burned rat at S days postoperatively but by 
one week postoperatively healing as measured by recording the bursting 
pressures of the cecum has returned almost to that of the nonburned 
ani , ,al. 

Wound hea 1 i ng 
Burned rats 
Cecum 
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CECAL WOUND HEALING IN BURNED AND NONBURNED RArs 
LABORATORY MODEL SIMULATING BURNED SOLDIERS 

To prove or disprove the premise in the laboratory t ha t intesti
nal anastomoses healed more slowly in the burned patients as compared 
to nonburned patients, cecal incisions were made in burned and non
burned Sprague-Dawley rats and the bursting pressures of the cecum 
recorded at 3, 5, and 7 days postoperat ·ively. 

METHOD 

Sprague-Dawley rats weighing from 180-200 gm were divided into 
4 groups, 10 rats in each group. 

1. 40% burn with no operation. 
2. 40"/4 third degree burn with abdominal and cecal incisions. 
3. Nonburned rats with abdominal inc1s1ons only. 
'•• Nonburned rats wi t h abdominal and cecal incisions. 

All rats, whether burned or not, were anesthetiz ed with sodium pento
barbital 20-25 mg/kg and were given 10 cc i ntraperitoneal saline for 
resuscitation. At 3 days postburning, all of the animals were 
anesthetized as before and operations were performed as indicated 
by the assigned group. Abdominal incis i ons were made in the midline 
and were 2½ cm in length. Cecal incisions were made 1½ cm in length 
on the antimesenteric border and closed with a single layer of simple 
running 3-0 chromic catgu t . Abdominal incisions were closed in 2 
layers with muscle and fascia approximated with a running 3-0 chromic 
catgut suture and skin closed with a running 3-0 silk. Then at 3, 5, 
or 7 days postoperatively all animals were sacrificed. The cecum was 
dissected out, excised and bursting pressure of the cecum measured 
by inserting a cannula into the ascending colon, submerging the cecum 
in a saline filled beaker, inflating the cecum with a Harvard pump 
containing 50 cc syringe fil l ed with air and recording the pressure 
curve on a Sanborn recorder (Gray, 1967; 1 Ravi tch, 19672). Animals 
dying before time to be sacrificed were excluded from the study. 
Technical problems with dissection and preparing the cecum for 
bursting excluded others. 

Pressure setting on the recorder was from O - 200 rrm Hg and 
speed of the paper at 2.5 mn/sec. Air was delivered to the cecum at 
37.2 ml/min. 

RESULTS 

Bursting pressures of animals at 3, 5, and 7 days postoperatively 
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are listed for ea.h group in Tables I, II, and III. Sixty-five 
animals were studied at 3 days postoperatively with average bursting 
pressure of the incised cecum being 38 mm of Hg for burned animals and 
41 rm, Hg for nonburned animals. The average bursting pressure of non
incised cecums of burned and nonburned animals was 102 and 103 mm Hg 
respectively. Sixty-seven animals were studied S days after operation 
with mean bursting pressures of 61 mm Hg f or incised cecums of burned 
animals, 92 mm Hg for incised cecums of nonburned animals with 93 and 
95 mm H~ r~spectively for non-incised cecums in burned and nonburned 
animals. At 7 days postoperatively, 64 animals were studied. Average 
bursting pressure for the incised cecum of burned animals was 90 mm 
Hg and the incised cecum of nonburned animals 103 mm Hg. Average 
pressures of 100 and 110 were obtained for the non-incised ceclllls of 
burned and nonburned animals. The mean pressures are shown in the 
figure for all groups at 3, S, and 7 days postope.ratively. 

DISCUSSION 

The literaturJ describes studies in epidermal re•Jeneration, 
(Scapicchio, 1968) the effect ot radiation and thermLl burns on the 
intestinal mucosa, (Baker, 1968) and impaired healing resulting from 
infection, (Smith, 1967)5 as well as the effect of shock on wound 
healing (Schmidt, 1967).6 There is no literature on intestinal wound 
healing in burns. The clinicai impression is that surgical incisions 
in the burn patient heal more slowly than those in nonburned patients. 
This study shows that in the rat at 3 days post surgery therP. is 
little difference in the strength of incised rat cecum whether the 
animal is burned or not. ~leakness demonstrated by measuring the 
bursting pressures of the cecum is related to the incision itself. 
Healing at this point is the same in both animals. The 95% confi
dence limits of the bursting pressure for burned incised animals are 
26 - 49 mm Hg and for incised nonburned animals 33 - 49 mm Hg. At 
S days postoperatively the heating in the incised cecum of the burned 
animal lags behind that of the nonburned animal. Cecal bursting 
strengths of the burned animal with no incision in the cecum and 
nonburned animal with no incised cecum are e~sentialty the same. The 
95% confidence limits of bursting pressure for incised cecums on the 
Sth postoperative day in the burned anima's is SO -73 mm Hg as com
pared to 79 - ?06 mm Hg for the incised cecums of nonburned animals. 
At 7 days postoperatively healing of the incised cecum of burned 
animals has progressed so that the 95% confidence limits of cecal 
bursting pressure are 67 - 113 rm, Hg as compared to 88 - 118 mm Hg 
for unburned animals with cecal incisions. 

Alt of the animals studied received the same diet, were not 
treated with antibiotics or other drugs nor were they infected. 
Generally, the burned animals appeared to gain less weigh~ and were 
not as ac~ive as the nonburned animals. 
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TABLE I. THltEE DAYS PDSTDPEIIATIVELY 

!.\!!!!!! Non Burned 

Incised cecia Not Incl sed Cecum Incised cecum AbdtJffll nil Incision 

70 85 35 110 

50 80 30 115 

15 115 Ito 115 

20 90 20 120 

lt5 80 35 95 

65 85 55 110 

20 105 lt5 85 

15 105 35 110 

60 130 55 90 

15 100 75 95 

50 130 II() 125 

15 100 35 75 

50 120 35 ,, , 
105 15 100 

105 15 90 

35 90 

75 125 

65 120 

105 

Average 38 102 Iii 103 

95t Cl* 26-1t9 91t-111 3H9 97-110 

*Conflc:le11ce Limits 

585 
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TABLE II . FIVE DAYS POSTOPERATIVELY 

!!!!!!.!! Non Burned 

Incited cecum Not Inc I sed Cecum Inc I sed cecun: Abd0111lnel Incision 

"° 110 75 85 

20 100 150 85 
) 

80 95 120 95 

80 95 70 85 

75 70 80 95 

20 95 110 I Ito 

35 102 lt5 85 

7S 105 80 85 

lt5 95 105 85 

75 85 80 85 

70 90 105 90 

65 100 100 105 

75 85 115 105 

fo 110 50 110 

&, 75 100 105 

90 95 

85 115 

85 

95 

85 

Average 61 93 92 95 

95i CL* 50-73 88-99 79-106 90-102 

*Confidence Limits 

5 c 6 
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TAILE 111. SEVEN DAYS PDSTDl'EIIATI Vf:LY 

!.!!!!!!! Non Burned 

Incised cac:UM Not Incised c.c- Inc l sad cec11111 Abd0111ln1I Incision 

135 125 125 ID0 

1)0 100 125 110 

20 70 120 120 

15 135 20 95 

135 105 100 120 

105 105 120 ,0 

1)0 105 110 85 

1)5 120 150 100 

95 ,0 125 115 

100 105 105 110 

15 95 95 100 

95 95 es 1)0 

60 95 100 110 

105 125 100 130 

25 es 70 110 

11,5 95 1)0 

80 

75 

AYer191 ,0 100 103 110 

!J5t CL* 67-113 ,2-108 88-118 103-117 

*Confidence l1111I ts 

587 
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LEGEND FOR FIGURE 

Average cecal bursting pressure of burned and unburned rats 
with and without cecal indsions. 

B burned 

N non 

I incised 

5G8 
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A technical problem encountered was in dissect·on of the incised 
cecum from the abdominal cavity. Frequently he cecum would be ad
herent to the small intestine and to the parietal p~ritoneum. In 
dissecting the cecl.11'1 free, the suture line was disrupted in some 
animals. In order to prevent this a portion of the parietal peri
tonellll was left intact on the incision in some specimens which may 
have variably increased bursting strength. This was not a problem 
at 3 days postoperatively since adhesions were easily lysed. At 
5 days postoperatively this was more of a problem but was not as 
much of one as at 7 days postoperatively. No difference in formation 
of adhesions could be seen in burned as compared to nonburned animals. 
They seemed to be less severe in the burned animal at 5 days post 
surgery than the nonburned animal which would also coincide with the 
differences in healing noted in this study. 

One should realize in attempting to extrapolate this animal 
data to the hlnan that healing in the rat proceeds at a much faster 
rate than in the human. This model might be useful in the study of 
the influence of infection, growth hormone and other drugs on healing. 

REFERENCES 

1. Gray FJ: Tensiometry in experimental surgery. A new apparatus 
for tensile strength studies in wound healing. Brit J Surg 54:761, 
1967. 

2. Ravitch MN: Studies in intestinal healing. Ann Surg 166:670, 
1967. 

3. Scapicchio AP: Comparative effects of AgN03 and SH on 
epidermal regeneration. Plast Recon Surg 41:319, 1968. 

4. Baker DG: The effect of x-irradiation and thermal burns on 
the intestinal mucosa. Canad J Physiol Pharmacol 46:533, 1968. 

5. Smith HA: A quantitative study of impaired healing resulting 
from infection. Surg Gynec Obstet 125:965, 1967. 

6. Schmidt GH: Effect of hemorrhagic shock on wound healing 
in rats and guinea pigs. J Surg Res 7:513, 1967. 

PRESENTATIONS AND/OR PUBLICATIONS 

None 



67 

lllSIAlCH AND TICNNOLOGY IGIK INT SUldtY 
1- -IICYAC- LMTaW_,,.. ,----DA OE 6398 72 07 01 DO-D1t••<Alt)U e .................. .. 11-•-· I. _ _,. ICT'I'" r- KCUMT'I'" , .......... r· .. ··- 15' - Cl- DATA r LaVSL OP -TUC:Toa ACCUI 

IO. COHPLETI ( N U U NA NL , .. •~ .A. __ , 

te. tlO./C-•• _ ........ 
"IIOIIICT -• TAMAllaA11-11 - UNIT IIUllNII ---· 621 lOA 3A062 11 OA82 1 00 10q 

.. CNTM911TIN 

::1~mi,11ii1i\i!l!:lili\~ii:i:i!ili:i:i:i:i~::;:!J~i:;l:li:J::i:1::::1ili::\]:::!1:iiilili!l!il:1i1i!i:Jll::[::::~::~I .. _ ......... 
~I. TITLa, ___ c ___ 

(U) Peripheral Neuropathy in a Therma11y Injured Hi 11 tary 
Population (44) 

IL ICIUTIPIC MO •·--CAL •-

003500 CI In teal Medicine 
1••··-.. , - ,. 1, .. _ ---- -·-'--'• ,, ... --•• a-"'" ,- ,..,...,_IICa -•IIOO 

71 01 72 02 DA I C. In-House 
I"• -- •· Not Appl I cabl e ... IIHOIIIICU•n•n• ·-•-""-••··· ... ,.,. .. __._ 
&DAT .... ,,aCTtVS1 8 • "'911lA1' ... , ... _ .... 

'*"'" 72 o.4 11.2 ....... '-AaOU111'1 ••A• ,------
. 11 ..... , ···- f,CUM. AMT • 73 0 0 
• · -•--• --w11n- I 

........ ____ .. _ 
I I 

•-'"us Army Insti tute of Surgica l Research •••··us Army Institute of Surgical R search __ ,. ..,. Burn Study Branch 
Ft Sam Houston, Tx 78234 16

- Ft Sam Houston, Tx 78234 
_ ,.,AL •CITIUTOll(--110.1. •-,.___,_ 

•-al•OOVI ... AL ..... 1. Wi 11 lam J O'Brien 111, ILT, AHSC ·- Bas I 1 A Pruitt, J r, COL, HC m.•-·· 512-221-4646 
,. ......... 1 512-221-2720 IOCIAL. Neu•,• accou•, 1N11N•1 

11 . -IIAL IIH ANOCIATIIIIIVSITleU-

FOREIGN INTELLIGENCE NOT CONS IDERE0 .... , Paul Si lverstein, Maj. HC 

·-· Donald See. LTC. HC DA _ .. _, __ ,., _____ ._ _ __..,. -(U) Phys I cal Therapy; (U) Peripheral Neuropathy 
P.Ta-AL-CTIVa.•1~A .. _ACll,H.-•t-•--:----·----•ol------•J 
23. (U) DocL1T1ent the extent of Idiopathic peripheral neuropathles in burn pat I ents 
and the effects of therapy on the Ir ul tlmate prognosis. 

24. (U) 150 con secutively admitted pat I ents wt th t hermal injures were studi ed wl th 
reference to sensory and motor function of the extreml ties. 

25. (U) 72 01 - 72 02 Study was comp 1eted and revealed the majori t y of peripheral 
nerve Injuries to be related to el ther the In tlal Injury or to post Injury 
trallll8 to the involved nerve. In • smal 1 nl.lllber of pat tents no cause for the nerve 
deficit was I dent If I 19<1 and a truly ldlopathl c neuropathy existed . 

... _.,..,. ____ -oo, ... 1•9a .. .... ,ou• aOITION8 O~ THII ~0- AIIII: o • eOLll:Ta . DD ~OIIIM8 I •HA . I NOV H .... AND, .... , . I MAIi •• , ~011 AIIMY u,a , AIIIII: O • IOLll: 'fll: . 

5. 1. 



67-l 

FINAL REPORT 

PROJECT NO. 3A062110A821-00, COMBAT SURGERY 

REPORT TITLE: PERIPHERAL NEUROPATHY IN A THERMALLY INJURED 
MILITARY POPULATION 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SAM HOUSTON, TEXAS 78234 

July 1971 - 30 June 1972 

Investigators: 

William J. O'Brien, Ill, First Lieutenant, AMSC 
Paul Silverstein, MD, Major, MC 
Donald H. See, MD, Major, MC* 
Leah Palm, Captain, AMSC 

* Chief, Phy~lcal Medicine Svc, Brooke Gen Hosp, Brooke Army 
Medical Center, Fort Sam Houston, Texas 78234 

Reports Control Symbol MEDDH-288(R1) 

UNCLASSIFIED 

592 



u 

67-1 I 

ABSTRACT 

PROJECT NO. 3A06110A821-00, COMBAT SURGERY 

REPORT TITLE: PERIPHERAL NEUROPATHY IN A THERMALLY INJURED 
MILITARY POPULATION 

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

Period covered in this report: 1 July 1971 - 30 June 1972 

Investigators: William J. O'Brien, Ill, First Lieutenant, AMSC 
Paul Silverstein, HD, Major, HC 
Donald H. See, HD, Major, He~•: 
Leah Palm, Captain, AHSC 

Reports Control Symbol HEDDH-288(R1) 

Of 150 consecutively admitted patients with thermal injuries, 
11 (n,} were found to have peripheral neuropathles when studied with 
reference to sensory and motor function of the extremities. Five 
of these neuropathie~ could be directly related to thermal necrosis 
or discrete trauma~ but the etiology of the remainder was obscure 
and Involved area~ remote from the burn wound. Possible contributing 
factors were ascertained by history, when possible, with special 
attention paid to splinting and positioning at the time of Injury, 

Patients with clinically apparent neurologlc Injury were evaluated 
by electromyography (EHG) for accurate documentation of defects. Sen
sory mapping and manual muscle testing were obtained initially and 
repeated In conjunction with the EHG every 6 weeks. Treatment of the 
study patients Included splinting as required, active and passive 
range of motion exercises and intensive physical therapy, in an at
tempt to minimize atrophy of the Involved muscle groups. 

Serial EHG's as long as 6 months postlnjury confirmed mild 
residual weakness not interfering with functional activity In 8 of 
11 patients (73%). Evidence of relnnervatlon In proc~ss was mani
fest In the tracings of 7 patients (64%). Three patients demon
strated no evidence of regeneration of the Involved nerve(s), and 
the last case was suggestive of a myopathlc process. 

Phys I ca 1 therapy 
Peripheral neuropathy 

-.Chief, Physical Medicine Svc, Brooke Gen Hosp, Brooke Arrrry Medical 
Center, Fort Sam Houston, Texas 78234 



67-1 

PERIPHERAL NEUROPATHY Hl A THERMALLY INJURED 
MILITARY POPULATION 

One hundred and fifty consecutive patients with thermal In-
ju les were studied with reference to sensory and motor function 
of the extremities. Eleven (Tio) were found to have previously 
undiagnosed peripheral neuropathles. Since the average age of the 
patients adml'tted to the Institute of Surgical Research was under 
30, an Incidence of 1'/4 seemed rather high. Five of the 11 neuro
pathles could be directly related to thermal necrosis or sharp trauma 
but the etiology of the re~alnder was obscure and involved areas re
_mote from the burn wound. Poss lb le contrlbut Ing factors were ascer
tained by history, when possible, with special attention paid to 
splinting and positioning at the time of injury. The purpose of 
t his study was to document the actual extent of Injury and the ef
fects of therapy on ultimate results. 

MATERIALS AND METHODS 

Patients Included In this study were examined clinically for 
sensory ,and motor dysfunc Ion of the extremities. In addition to 
a careful history, the defects discovered were evaluated by elec
tromyography and nerve conduction studies. Manual muscle and sen
sory tests were 6Tiployed In conjunction with the EMGs to further 
elucidate the defect. The muscles tested were graded by standard 
voluntary manual muscle testing techniques. 

The sensory testing employed the patient's ability to feel a 
pinprick over the cutaneous distribution of the peripheral nerve 
thought to be Involved. The muscle and sensory tests were repeated 
weekly, while the EMGr. were repeated at 6-week Intervals. 

The patients with circumferential burns of the extremities were 
tested for adequacy of peripheral perfusion by the Doppler Flowneter. 
!schemta of the extremities due to severe postburn edema was treated 
by elevation, active and assisted exercise or escharotomy to minimize 
tissue damage. This served to eliminate Inadequate perfusion as one 
possible cause of peripheral neuropathy. 

Treatment on a dally basis Incorporated splinting to maintain 
functional position and programs of therapeutic active and assisted 
exercise to minimize loss of function. 

The study was discontinued at the time of each patient's dis
charge from the hcspltal. Follow~up was maintained for up to 6 
months postlnjury to al'ow adequate assessment of treatment regimens. 

59.1 
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RESULTS 

There were 6 nerve injuries of obscure etiology that occurred 
in extremities distant from the burn and unaccompanied by obvious 
physical trauma. Three involved the ulnar nerve causing decreased 
or lost sensation to pinprick over the CS dermatome. The dorsal 
and volar lnterosseus muscles were weak or not function ing, causing 
the patient Inability to abduct and adduct the digits. 

Three of the neuropathles of uncertain etiology could be ~t
tributed by history to positioning during prolonged evacuation from 
the scene of the accident. These cases were probaly due to com
promise of the u·lnar nerve due to pressure on the nerve as it 
traverses the medial epicondyle of the humerus. 

These lnar nerve Injuries presented with similar histories 
typical of positional insult to the nerve. Fortunately, the follow
up EHGs indicated relnnervatlon in progress in 2 of the 3 patients 
with some return of active Intrinsic muscle function. All 3 of 
these patients were discharged from the study with functional hands 
after an intensive program of physical and occupational therapy. 

The remaining 3 neuropathy cases involved the brachial plexus, 
and the etiologies of these injuries were not easily identified. 

The first case presented with a bilateral brachlal plexus syn
drome with more Involvement on the left than the right. The patient 
recalled being lifted by the arms. 

The second plexus Injury presented with bilateral complete 
brachlal plexus Involvement. The history was unremarkable. 

The last plexus injury seen ln the study occurred in a female 
Injured in an auto accident. By history she was pulled from the 
car by the right arm. Three days after admission ~he awoke with a 
flaccid right upper extremlty--typlcal of an upper trunk Injury. 

These cases were treated over an 8-week period with active 
assisted, active and resistive exercise programs. Follow-up EHG 
and voluntary manual muscle tests revealed resolution of the weak
ness in all 3 cases to the point of functional strength. They were 
discharged from the study with functional upper extremities, with 
a prognosis for full recovery. 

In the acute treatment of the thermally injured patient, at
tention ls focused, as it should be, on the critical problems of 
treatment and coverage of the burn wound. In addition to the burn 
wound, Incidental but injury related problems, such as peripheral 
nerve Injuries may be diagnosed. These neuropathies can be at
tributed to direct thermal necrosis, sharp trauma, pressure and 

) 
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some have questionable etiology. Of the nerve Injuries not caused 
by thermal necrosis or sharp trauma, one-third. might have been pre
vented by attention to careful positioning during evacuation. 

The ulnar nerve seems to be most prone to injury during pa
tient transfer, due to Its anatomical course over the medial epl
condyle of the humerus. In this study the prognosis for recovery 
from this type Injury was good if active physical therapy Is uti
lized to prevent atrophy of the involved muscle groups. 

The brachia! plexus injuries found in thi s study do not lend 
themselves well to a specific etiologic category. While 2 of the 3 
patients were moved by traction on their upper extremities, their 
Injuries were not easily explained on the basis of brachlal plexus 
stretch, since the plexus involvement was too generalized to 
be explained by a simple axillary strain Injury. One patient did 
not have onset of weakness until 3 days postlnjury and then it was 
quite rapid. After extensive neurologlc consultation these enigmas 
were attributed to brachia! neuropathy of questionable etiology. 
The third patient was not lifted or pulled by the arms to his know
ledge, yet he presented with a bilateral brachlal plexus injury with 
Involvement of all of the peripheral nerves in both extremities; 
no explanation is proposed for his Injury. 

DISCUSSION 

The prognosis for these plexus Injuries also seems favorable 
since slight residual weakness ls the only sequela noted. A point 
of Interest Is the fact that the nerve conduction velocities of 
the Involved nerves were within the normal range each time they 
were studied in patients with lnjurle.s not due to thermal necrosis 
or sharp trauma. This Indicates that the value of sequential nerve 
conduct!on studies In these injuries Is questionable. 

SUHNARY 

One hundred and fifty consecutive patients with thermal In
juries were studied In reference to sensory und 11l0tor function of 
the extremities. Eleven were found to have sensory and/or motor 
dysfunction. Five of these neuropathies could be directly attri
buted to thermal necrosis or discrete trauma. Of the remaining 6 
cases, 3 could be attributed to Inappropriate positioning during 
lengthy evacuation. 

Eight of 11 patients showed resolution of their weakness with 
~HG evidence of relnnervatlon In progress. Three patients with 
nerve Injuries due to direct trauma or thermal necrosis showed no 
return of function. 
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