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SUMMARY

The various subjects covered in this report are listed in the Table of
Contents, Abstracts of the individual investigations are included on
the DD Form 1498-1 introducing each work unit report, and names of
investigators are given at the beginning of each report.




FOREWORD

In conducting tie research described in this report, the investigators adhered
to the "Guide for Laboratory Animal Facilities and Care," as promulgated by
the Committee on the Guide for Laboratory Animal, Resources, National
Academy of Sciences-National Research Council,
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Project 3A061102B71R RESEARCH 1IN BIOMEDICAL SCIENCES

Task 01, Surgery
Work Unit 031, Metabolic problems associated with injury

Investigatora.
Principal: H. Keaneth Sleeman, PhD
Associate: John W. Diggs, B.S., Clarence E. Emery, B,S., Paul B.
Lamborn, CPT, VC., Daniel K. Hayes, SP5, James J. Moadello,
SP4, Gene V, Aaby, LTC, MC, Arthur S. Dobek, PhD, Larry A
Rogers, CPT, MC, Walter L. Scheetz, LTC, MC, Edward I. Dickson

Part I
Statement of Problems

The Department of Surgical Matabolism (functions transferred to
Division of Biochemistry, WRAIR GO No. 2, & April 1969) conduzted
research on metabolic problems associated with injury, and provided
professional cousultation and technical support to other departments of
the Division of Surgery and WRAIR. The major areas of investigation
included: 1., Effects of endotoxic, hemorrhagic, and bacterial shock on
metabolic processes and tissue injury. 2. Evaluation of the role of
histamine in endotoxemia. 3. Effects of the corticosteroid, dexa-
methagone. on metabolic, hemodynamic, and physiologic factors in experi-
mental peritonitis. 4. Studies of serum 2nzyme levels in combat
cagualties. 5., Participation in the research project of other dzpart-
ments on: a. Resolution of experimental fat embolism, b, Evaluation
of the heart pump in surgery, and c. Correlation of serum 2azyme
levels with the successful wound closure and haaling.

1. Effects of Endotoxic, Hemorrhaglc, and Bacterial ghock cn
letabolic Processeg and Iiggue Damage. Studies were coutinued oa the
endotoxic shock model, and hemorrhagic and bacterial shock models were
introdaced. Most metabulic processes fail or are vastly altered in the
late states of shock, therefore, experiments were dasigned to monitor
matabolic changes over the entire period from the initial {nsult uatil
death or recovery. This procedure permits the correlation of the initial
changes with wmorbidity and mortality. The approach was the measuremant
of selected enzymes and substrate concentrations in serun. The serum
enzyme patterns were related to apecific tissue damage.

2. Evaiustion of the Role of Histamine in Endotogemis. The
injection of endotoxin causes the release of biologically sctive sub-
staances including histamine. Since many similar physiologic and hemo-
dynamic effects are produced by endotoxin and histamine, studies were
initiasted to determine if intravenois injaction of the substances
prodice the same effects on me2tabolic processes and tisgue damage. Serun
enzymes levels and ifsozyma patterns were used for comparison.
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3. Effects of the gynthetic Corticosteroid, Dazxamethasone, cu
Metabolic, Hemodynamic, and Physiologic Factors in Experimental
Peritonitis. Daxsmethasone, in pharmacological doses, provided
protection to rets from bacterial shock (WRAIR Progress Report 1967 -
1968), however, the mechanism by which it effects this protection are
obscure. Studies were initiated to evaluate the beneficial effects
cf dexamethasone in respact to selected metabolic, physiologic, ~nd
hemodynanic factors.

4. Studies on Serum Enzyme Levels in Combat Casualties. The
intracellular enzymes, LDH, GOT, and GPT are found in normal serum
in low concentrations. Serun levels are elevated in conditions in
which cellular damage or changes in cellular permeability occur, and
provide a sensitive indicator of tissue trauma. The levels and
patterns of these enzymes in the serum yield information on the
severity of the wound and the condition of the patieat. Therefore,
preliminary studies were undertaken to evaluate gserum enzyme levels in
combat casualties in respect to (a8) wound type, (b) shock, and (c)
trangfusion therapy.

Approach to the Problem

1. Effects of Endotoxic, Hemorrhagic, aand Bacterial ghosk oa
Metabolic Procesges and Tigsue Damage. In all three experimental
models beagle dogs were used. The dogs were anesthetized with pento-
barbital sodiun and placed in a supine position. Cannulae were in-
serted into appropriate vessels for injections, bleeding, and wmoanitoring
physiological changes. Blood samples ware collected from the femoral
artery prior to (coatrol) and at selected times after the experimental
procedure. The shock models were: a. Eadotoxin - 1 dose, 2 mg/kg,
of commercial endotoxin (Escherichia coli: O0111:B4, Boivin), which
produced about 70 percent mortality within 24 houra. b. Hemorrhagic -
the Wiggers technique was employed and the dogs were bled to an arterial
pressure of 45 mm mercury, maintained for 2 hours, then reinfused.
Preliminary studies also were performed using cardiac ouatput instead
of arterial pressure as the criteria for standardizing the heaorrhagic
shock model. c. Bacterial -~ dogs were injected iniraperitoneally
with S ml/kg of & solution containing 103 E. coli Ol11:B4 organisms
and 4 g percent hemoglobin per ml. Enzyme analyses were performed
using commarcially available kits and isozymes were separated by gel
electrophoresis.

2. Rvaluation of the Role of fletamine in Endotogemia. Twenty-
four beagle dogs, 12 in each group, were raandomly assigned to receive
endotoxin or histamine. The dogs were anesthetized with pentobarbital
sodium, and placed in dorsal recumbency. Polyethylene caanulae were
inserted for injections, gampling, and monitoring arterial blood
pressure (ABP). Cowmsercial andotoxin (E. col{ 0l111:B4 - Boivin) in
saline was injected intravenously in awmounts calculated to produce 70
perceat mortality. Histamine dihydrochloride, 1 mg/kg body weight, was
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dissolved in 50 ml saline and given intravenously over a 15 micute
interval. Baseline blood samples were collected following anestheti-
zation and cannulation; repetitive samples were collected at selected
intervals up to 72 hours after the injections. Quantitative serum
enzyme analyses were parformed by spectrophotometric procedures
accompanying commercial kits, and isozymes were separated by gel
electrophoresis and located by appropriate staining methods.

3. Effects of the §ynthetic Corticosteroid, Dexamethasone, on
Metabolic, Hemodynamic, and Physiologic Factors in Experimental
Peritonitis. Bacterial shock was produced in 250 g male Sprague-
Dawley rats by the intraperitoneal injection of a solution of E. coli
(108/m1) and hemoglobin (4 g perceat). Dexamethasone (8 mgz/kg) or
saline (coantrol) was given intramuscularly at selected intervals prior
to or following the bacterial injections. Some animals were observed
up to 72 hours for lethality, others were sacrificed at selected
intervals for blood and tissue analyses. Laboratory tests were serum
glucose and corticosterone, blood hematocrit, adrenal corticosterone,
protein, and ascorbic acid, and liver proteins.

4. Studies on Serum Enzyme Levels in Combat Casualties. All
patients were American or South Vietnamese soldiers wouaxded less than
2 hours prior to admission to a front line hospital. Enzyme analyses
were performed by colorimetric methods using commercial kits, and
values were considered abnorral if the LDH exceeded 500 uaits, and GOT
and GPT exceeded 50 units. Chi-square statistics were used, when
appropriate, to compare groups.

Results aand Discussion

1. Bffects of Endotoxic, Hemorrhagic, and Bacterial ghock on
Metabolic Procesges and Tissue Damage. Previous studies (WRAIR Progress
Report 1967 - 1968) showed that the serun 2nzymes, lactic dehydrogenase
(LDH), glutamate-oxalactate transaminase (GOT), glutamate-pyruvate
transaminage (GPT), and isocitrate dehydrogenase (ICDH) were sigaificantly
elevated in non~surviving dogs by the third hour after recaivinz eando-
toxin, Only ICDH exceeded normal values in surviving dogs. A persist-
eatly high level of LDi, GOT, and GPT indicated & poor prognosis. The
initial rise in total LOH was associated with an increase in LDH isozymes
2 and 3. (The LDY {sozymes were nunbered consecutively; the most anodi~
(heart) isozyme was designated as 1.) Persistently high levels of totsl
LDH caused slso an elevation in LDH isozymes 5 and 4. These results
were correlated in the current stulies. In addition, creatine phospho-
kinase (CPK) also #as eslevated in endotosemia and usually by the third
hour following the injection. The CPX isozyme associsted with the
fncreagsed serum level was the most anodic, This CPK isozyme occurs in
tissues other than the heart or skeletal miscle. Blovd lactate was
tsually elevated but in many instances did not correlate with morbidity
and mortality. Serum zlucose levels exhibited the usual biphasic pattern
associated with shock,
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Hemorrhagic shock also produced in noa-surviving animals a
dramatic increases in the activity of all the studied serum ecnzymes.
The serum engyme levels were increased significantly either just prior
to or immedistely following the reinfusion of blood. As with endotoxin
the prognosis was poor whecn serum enzyme levels were progressively
increased with time. Surviving animals showed only slight or transieat
elevations in serum enzyme acrivity. Hemorrhagic shock usually produced
higher levels of serun enzyme activity than endotoxemia hence indicating
greater tissue demage from induced hypovolemia. The striking increase
of blood lactate levels in 4“emorrhagic shock also emphasizes the uader
perfusion aand hypoxic state of the tissu2s. The serum glucose levels
in hemorrhagic shock exhibit also a biphasic pattern.

The 1DY and CPK isozyme patterns associated with hemorrhagic shock
differ in some respects to those found in endstoxemia. The LDH s2rum
isozymes corresponding to the initial increase total LDH reveal an
increase in 2, 3, and 5 fsozyme. In some animals LDi isozymes 2 and 3
were elevated first, then the isozyme 5; in other animals isozyme 5 was
elevated first, followed by 2, and 3. This possibly indicated lung and
liver damage, however, extensive intestinal damage may complicate the
interpretation. IDH igsozyme 1 (heart) also was elevated but usually
later in the shock episode. The CPK isozymes associated with an elevation
of the total CPi. activity of the serun supported the finding of the LDY
isozymes. The initial rise in CPK activity yielded the most anodic
isozyme, this was followed by a progressive increase in the cathodic
(heart or skeletal muscle) isozyme. The results would indicate tissue
damage to other than the heart initially, followed by damage to the
heart muscle later in hemorrhagic shock.

Difficulties wers encountered in standardizing the bacterial shock
model, and further studies will be required. Tissue dawnage, asg reflected
by serun enzyme levele, does aot occur uatil near the terminal stages of
shock., Preliminary studies s'iowed that the increase in serun total LDH
was associated with an {ncrease of only LDH isozymes 2 and 3. This was
similar to that fouad with endotoxin. GOT snd CPK levels were elevated
bat not to the extent fouad in either tha endotoxin cor hemorrhagic
models. The arterisl blood pressure does not fall until the terminal
stage of bacterial shock, anc lactate levels are elevated only at this
time.

2. Eyalusticn of the Pole of jlgtemine in §ndotoseats. Eight of
12 dogs injected with endot'xin died within &8 hours. Oaly 2 of 12
dogs injected with histanine died, and these died within 20 and 35
miautes respectively probably because of a too rapid rate of injection.
Both groups of dogs shoved an immediate and similar drop in ABP. The
ABP of the histamine treated animale returned to control values by 2
to 3 hours, while the endotoxin treated animsls remained hypotensive
(< 90 =m H3g) during the pariod of measurement.

616

[P U VNN




SN . e i ia e e _m_‘.-v- b e e A PR ATRART S Sy 1 2 vt R W SR IO S TS0 (0 TR PSR -

The activity of serum enzymes in response to injections of
endotoxin or histamine was quite differeat. Endotoxin cauges a
substantial elevation of all the studied enzym2s by the third hour
following injection, Results were similar to those described in
Section 1, Results and Discussion, of this report. Histamine, despite
the large dose administered, caused no elevation of serum IDY, ICDH,
or AP. CPK was elevated over control values by the 7th ani the
trangsaminases by the 24th hour following the histamine injection.

The transient elevation of transaminase activity found with histamine
was similar to that noted in some animals surviving endotoxin. How-
ever, ICY4, which occurs in high conceantratioas in the liver, was’
never elevated in histamine treated animals, but was significantly
elevated in all animals which survived endotoxin injections.

The serum LDH and CPK isozyme patterns indficated soms heart and
liver damage resulting from histamine injection, Serum LD isozymes
patterns showed transient elevations of isozyme 5 (liver), 5 to 7 hours,
and frequently elevations of isozyme 1 (heart) at 24 hours following
injection. 1In one experiment, when the dog died 35 minutes after the
histamine injection, the elevation of serum total LDR was reflected by
#a increase in LD isozyme 1 (heart) and liver (5). The liver damage
was indicated also by a GOT to GPT ratio of less thaa 1. The CPK
isuzyme, related to the elevation vf serum total CP{ was the cathodic
one, which 1s associated with heart or seketal mumscle,

The marked difference in serum 2nzyme levels and {gozyme psttern
indicate differences in tissue damsge following endotoxin and histamine
injections. The poassibility of a synergistic effect between eadotoxin
and endogenous histamine hag not been eliminated hy this study. It is
als> passible that histamine injections :zauses the release of other
biologically active substances which in turn may be responsible fov the
obgerved effects.,

3. Kffects of the yyathetic Gogticoscerold, Dexemothagone, on
Metabolic, Yemodynamic, and Paysiologic Eactors fn Experimental
Pecritonltig. In those experiments, the B. coli-hemoglobin wmixtuce
produced 75 percent movtality within 24 houzs. The intramiscular injsc-
tion of dexamethagone raduced nortality sigaificantly whea given up to
16 hours after the inoculstion of E. coli-hemoglobin.

The plasma and airenal corticosterone, and airenal ascorblic acid
levels ware determined to establish the effect of the infection on
steroid release in the presance and absence of dexsmethasoane. Prompt
increasas in plasma corticosterone were fouad in both groups of animals.
These elevations vere sustained until the late stages of bacterisl shock
in control animals, while a more rapid rveturn to normal was observed in
dexsmethasone treated animals. Similar but less dramatic changes werve
observed in the adrenal covticosterone levels. Definitive adreaal
hyp-rtrophy occurred only in the control animsls. The functional capabil-
ities of the adrenal were not impaired by the infection, as the injection
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of exogenous ACTH late in shock produced a serum elevation of cortico-
steroid similar to that found early in shock. In both groups, the
adrenal ascorbic acid levels were dzpleted initislly following the
infection snd returned slowly to near normal values. The use of
dexsmethasone decreased the time for ascorbic aczid recovery.

The possibility that dexamethasone exerted its beneficial effect
by stabilizing glucose metabolism, was investigated by determining
plasma glucose levels. The control animals exhibited a biphasic
pattern in plasma glucose, that is an initial hyperglycemia followed by
hypoglycemia near the terminal stages of shock., Dexamethasone did not
preveat the initial hyperglycemia but did prevent the hypoglycemia late
in shock. The prevention of hypoglycemia by dexamethasone, possibly
through the mechanism of gluconcogenesis, could contribute to the
beneficial effects of this synthetic corticosteroid. The corticosteroids
as a group are reported to increase protein catabolism in most tissue
and increase protein anabolism in the liver. 1In thege studies no
significant changes in the protein coatent of the liver or adrenals
ware noted.

Previously, d2xawethagone was shown to increase the absorption of
dye tagged protein and hence algo bactexia from the paritoneal cavity.
The effect of dexamethasone on fluid transport or cellular integrity
was shown algo in the current studies. The hemoconcentration, as revesled
by hematccrit determinations, was less in the dexamethasone treated
animals than in the controls. These results may then reflect improved
circulation to the tissue or a preservation of the cellular and vascular
integrity which resulted from dexamethasone adaninistration.

4. Stuiles cu Serun hazyme levely in Combat Casualtieg. Eazyae
snslyses were performed on the sera from 81 untreated patients upoa
arrival at the hospital and from 48 patients of the above group following
surgical procedures. Upon adaission, the parceatage of patients with
ssrun anzyme levels already elevated were: LDI 58 percent, GOT 47 per-
cent, and GPT 19 percent. Following surgery, the percent of patients
with elevated serum enzymes were: LDH 75 perceat, GOT 73 percent, and
GPT 31 percent. This reflected Soth surgical trauma and the coutinued
release of these enxymas from damaged tissus. Only 19 >f these patfents
were followed for up to 7 days, sud in all instances the serun enzyae
levels remained elevated.

The wound location had a pronounced influence on the levels of the
serum enzymés. Abdominal wounds, with or without liver damsge producad
ssrun snzyme elevations in the greatest numsber of patienis. Oaly in
this group, and irrespective of direct liver involvement, was the CPT
elevated to an appreciable extent. Blast fr0t injuries produced an
elavation of LDH and GOT, but not GPT. The entyme pattern was that
associated «fth skeletsl miscle. Piostrating chest wounds with luag
coatusion were associated with elevations of LDH and GOT, while without
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lung contusion, GOT was not consistently elevated. Limb wounds with-
out fractures also produced consistent elevations of GOT.

Shock was most prevaleat in the group of patients (70 parceat)
with abdominal wounds. These pat.ents also had the highest incidence of
serun enzyme elevations. LDY and GOT were elevated in 83 percent of
these patients and GPT in 44 percent, There was a significant increase
in serum engzyme levels in patients in shock when compared to those not in
shock. The elevation of the three serum enzymes studied were associated
with a poor progaosis.

The effect of the volume of blood transfused on serum enzyme levels
one day following injury was determined in 18 patfents who had normal
serum enzymes on admission. When tue serum 2nzyme levels of these
patients were compared with a similar group receiving no transfusioas,
only GOT was significantly elevated. There was no significant difference
in enzyme levels of those patients receivinz large quantities of blood
¢ 4003 ml) and those patieats receiving lesser quantities. The results
suggested that the general condition of the patient was more respoasible
for elevated levels of serum enzyme than the transfusion of blood.

Conc lusionsg

1. Bffects of Eadotoxic, Hemorrhagic, sod Bacteyisl Shock Qu
Metabolic Procesges and Tigsue RQamage. The study of tissue enzyme
released into the serum revesl the general coandition of the patient, the
extent of tissue damage, and indicates the organ(s) that are affected by
endotoxin, hemorrhagic, and septic shock. Eazyme analyses show that the
sequence of organ damage may differ in hemorrhagic and endotoxin shock,
and could provide a clua as to the appropriste therapy at Jdiffereat stages
in the shock syndrome. This information and that gained from physiologic
and hemodynemic mesgures provides a more precise view of patients coaditioas
while {n shock.

2. Bvaluation of the Role of fistewine in Endotoxents. The preseat
experiment does not support a common aschanism of astivity for eadotoxin
and hetsuine. The catecholamines, epinephrine and norepinephrine, are
relessed by histamine and could contribute to the observed hesrt damage.

3. Bffects of the Syenthetic corticoeterold, Rexsmethagons, oa
Metebolic, Hemojyoesic, sag Riyeiologic [aitore Lm gxperimental
Peritooitis. The sdmiolstration of pharuacological doses of dexa-
sethasone provided protection to rats from the higk mortality of bacterial
shock. Investigstions into the wetabolic, physiologic, and hesodynsuic
processes sffected by dexamethasone indicated several bdeneficial effects
of this drug: (i) 4t prevented the late hypoglycemis sssociated with
bacterial shock, (2) it enhsoced peritoneal absorption of bacteris,
hence permitted the natural defeuse mechanisnms of the host to be utilized
more effactively and (3) 4t preserved the cellular integrity of the
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adrenals, liver and poasibly other organs, possibly by d2creasing
vascular resistance and increasing fluid movement. The ability of tha
adrenals to produce steroids were not affected by bacterial shock with
or without dexamethasone, however, homeostasis of the animal was better
maintained in the presence of the drug.

4., Studies on Serum Enzyme Levels in Combat Casualties. The
elevation of these enzymes in the _erum reflect the general condition

of the patient and the severity of the wound. Wound location effects
the seruz enzyme patterns, and abdominal wound present the greatest
problem in respact to shock. GOT elevations was the most sengitive
indicator of soft tigaue trauma.

Recogmendations

1. Kffects of Endotoxic, Hemorrhagic, and Bacterial Shock on
Yatabolic Procesges and Tissue Damage. The study of endotoxin,
hamorrhagic and bacterial shock have revealed differences in metabolic
processes and the pattern of tissue injury related to these shock models.
Puture investigations will eotail the modification of these basic models
by druga or surgical procedure in an attempt to ifsolate the metabolic
process or tissue injury primarily responsible for the morbidity and
mortality associated with shock., This information then wil. ba utilized
to evaluate the use of therapeutic agent in the treatment of shock.

2. BRvaluation of the Role of Histamine in Endotoxemis. The use
of alpha adrenergic blocking agents should assist in the clarification
of an interrelationship hetween histamine and the catecholamines.

3. REfecte of the §ynethetic Corticogterold. Dexsmethasone, on
Metabollc, Hewodyasmic, and Physiologic Pastory in Exparimental
Regitonitis. The physiologic, hemodynamic, sad metabolic effects which
were prodiced Sy pharmacological doses of dexamethasone, require further
study. Each poasible beneficial effect of dexsmethasone needs investi-
gation ro that this drug may de used judiciously in the treatment of
shock,

4. §tudies on Serus Bozym: lLevels in Cogbet Cegualties. The
deteruination of LDY, GOYT eod GPT and the inclusion of serus creatine
phosphokinase (CPK) and LDH and CPK isczyme analyses would assist in:
(a) evaluation of the severity of the wouad, (d) locstion of tissue
damsage not readily appireant, (c) determining the rate of wound healing
aad (d) deterwining the bast time for wound debridement and closure.

Ragticipaticn in Regesrch Rroject with Qther Depattasats. The department
of Surgizal Mstabolisa provided professionsl coasultation and technicsl
assistance relevant to the research activities of other departments. The

project in which this departmeat participated were: a. The resolution
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of experimental fat embolism with the Department of Surgical Pathology,
b. Evaluation of the heart pump in surgery with the Department of
Anesthesiology and Resuscitation and c. Correlation of gserum enzyma
levels with sucessful wound closure and healing with the Dzpartment of
Experimental Surgery. Progress on thnse research activities will be
reported by the designated departments.

Part 11

Description

Studies of bacterial infections associated with traumstic wounds
and other surgical problems have been concerned w#ith ideatification of
organisms from wounded patients, development of animal models for
studying therapy and investigation of diagnostic methods.

Progress

1. Bacteriological asgsay of wounded patieants at walter Reed
General Hospital. Investigations were initiated to determine the
relationgship of normal throat and skin flora to bacterial complications
of wounds suffered in vVietnam. The protozol is as follows: each
patient assigned to Ward 32 is cultured (throat, skin, wouad and dratnage)
three times at approximately weekly intervals - a total of 39) cases
is planned. Results of bacteriologic rcudies are to be compared with
medical historv, treatmenc, antibiotic therapy and location and aature
of wounds.

To date 130 patients have encered the study bu oaly 17 percent
have had the series of three cultures.

Table 1 summarizes the frequantly isolsted nicroorganisas from wound
and suture sites, normal skim, throat, burns and drainage. §. epidermidis
and §._aureus were quite common in wound and suture sites on normal
skin and, to a certain degree, in the throat, Neisseria was predominantly
isolated from the throat wherc streptococci ware alss frequantly isolated.
Pstudomonas was found more often at wournd and suture sites and throat
than on the norwal skin.

The organisas recosered froa the varicus sites were those to be
expected, Pssulomonas strains and other grem negative organisms are
the invaders which, bacsusge of antibiotic resistance, are the most
difficult treatment problems,
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In addition to the gbove study, microbiologic support has been
provided for the Recovery Room Ward 15, WRGH under the direction of the
Department of Human Studies, Division of Surgery, WRAIX. Resuits of
cultures of 33 patients are presented in Table 2, Again, gram negative
organisms were the most common flora. The absence of positive blood
cultures in this group mey reflect the intensiwe untibiotic therapy
administered to these critically 111 patieuts,

2., Studies of animal models for intraperitonegl infection.

Intraperitoneal infection following abdominal wounds incurred during
combat has been a significant cause of mortality and morbidity. Of
33,000 combat injuries in Vietnam from October 1965 to August 1967,

5.2 percent involved the sbdomen and 18 percent of the deaths occurred
in this group. Intraabdominal sepsis was a major factor in these cases,
In several series of abdominal injuries, infection was a significant
complication in 23 to 35 percent of the patients (LTC C. V. Aaby,
personal communication),

A standard subhepatic abscess model has been established in rabbits
by injecting clotted rabbit blood containing a large "inoculum of Staphylo-
coccus gureus and Escherichia coli.

A description of the technique follows: S. aureus, isolated {rom a
surgical wound infection, was resistant to penicillin (MBC = 10° units/ml)
and chloramphenicol (MBC 128 Mg/ml). E. coli, also a clinical isolate,
had similar resistance to both antibictics.

0.5 cc of a 24 hr trypticase soy broth (TSB) culture of S. gureus,
approximately doubled by centrifugation and resuspension in half the
volume of broth (107-1010 viable bacteria/ml) is added with 0.5 ce of a
24 hr TSB culture of Be coli (107/ml) similarly treated, to each 9 ml
aliquot of freshly collected rabbit blood, Control animals received
blood containing 1.0 cc of sterile TSB instead of bacteria. After
incubation for one hr at 37 C to allow clotting, the blood is then forced
via syringe into the right subhepatic space of the laparotomized rabbit.
Rabbits in treatment groups then receive antibiotics by various routes of
inoculation or by infusion. Mortality rate is determined for the post
operative period and all dead rabbits are autopsied, Ail rabbits
surviving 10 to 14 days are sacrificed and examined for abscesses which
are then excised and the exudate cultured qualitatively and quantitatively
(Lindsey technique). The peritoneal cavity is cultured by sterile swab
in all survivors. Unusual abscesses and associated infzcted tissues are
preserved for pathological examination.

Table 3 shows that 95 percent of uninfected controls survived the
operative procedure and had ncgative peritoneal culturcs at 14 days.
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Table 3. Rabbit peritoneal abscess modal.

Deaths

Total During 18-24 2-10 Survivors Cul ture
number surgery hours days 10-14 days results

+ -
Uninfected 37 1 0 35 0 35
controls 95% 100%
Infected 67 31 6 28 27 1
46% 2% 97%
Infected- 55 24 9 22 20 2
treated L% 42% 91%




o

T TR A N s g - R < ST A T 3 AT o

Infected rabbits showed a 46 percent mortality in the first day after
surgery and 42 percent survived to be sacrificed at 14 days. Twenty-six
of the 28 rabbits had abscesses which yielded S, &ureus on culture; one
other rabbit had S. ayreug and E. goll isolated at 14 days. Treatment of
infected animals (1 million units pemicillin, 200 mg chloramphenicol in
one dose immediately after closuve of abdominal incision -~ 37 given I.P,,
18 given I.M.) had no effect on the mortality or abscess development,

The early deaths are probably the result of E. coli endotoxin and
E. coll did not appear to produce a chronic intraperitoneal infection,
Abscesses developed on or within the omentum and occasionally were
sublepatic in location. Smaller intrahepatic abscesses were noted in the
latter animals. Detailed anatomic observations were rot made, S. gureus
was isolated from over 90 percent of these infectionms,

Thus, it appears that this technique has potential as a model for
peritoneal abscess. However, certain problems need further study; for
example, are two bacterial species necessary or will S. aureus alone
cause the infection? Will E. coli alone cause the early deaths? Can
abscesses be produced by gram negative organisms since these are the
bacteria responsible for the human illnesses? If not s perhaps some
animal other than the rabbit should be investigated. Attempts to study
treatment must awalt more precise information on the model,

3. Miscellaneous diagnostic bacteriologic studies,

Bacteriologic support has been provided for a variety of projects
within the Division of Surgery. For example, several experiments were
performed in an attempt to quantitate bacteria in peritoneal washings by
use of a Millipore filter technique., These were not successful and were
discontinued. Attempts to quantitate magnitude of bacteria in experi-
mentally infected rabbit soft tissue wounds using microscopic counting
of stained tissue homogenates as well as plate counts are in progress,

Organisms isolated from combat wounds reflect those present on the
skin and throat of the same individusls. In the military patients gram
negative organisms are frequently isclated, just as they are in civilian
populations, and no unusual group of bacteria has been found., Rabbits
injected with bacterial contaminated blood clots may provide a useful
animal model for intraperitoneal infection since 40 percent hawe staphylo-
coccal abscesses after two weeks, Further anatamic studies are necessary
as are experiments with gram negative bacteria to more closely approximate
the human problen,

626

e e ot o

oo o taes




T —— T

¥

0
QO

R S R LT

Project 3A061102B71R RESEARCH IN BIGMEDICAL SCIENCES
Task 01, Surgery

Work Unit 091, Metabolic problems associated with injury

Bibliogra

1. Simmons, R. L., Diggs, J. W., and Sleeman, H. K.: Pathogenesis
of peritonitis. III. Local adjuvant action of the hemoglobin in
experimental E. coli peritonitis. Surgery 63: 810, 1968.

2, 8leeman, H. K., Diggs, J. W., and Hamit, H. F.: The effects of
antibiotics, corticosteroids, and peritoneal lavege on experi-
mental peritonitis. Army Sci. Conf. Proc., 2: 397, 1968.

3. S8leeman, H. K., Lamborn, P. B., and Emery, C. E.:
activity associated with experimental endotoxemia.
National Meeting of Chemical Society, 1968, 266.

Enzymatic
Abst, 156th

4, Berman, I. R., Moseley, R. V., Lamborn, P. B., and Sleeman, H. K.:
Thoracic duct lymph in shock: gas exchange, acid base balance, and

lysosomal enzymes in hemorrhagic and endotoxin shock. Ann. Surg.,
169: 203, 1969.
5. Sleeman, H. K., Simmons, R. L., and Heisterkamp, C. A.: 8erum

enzymes in combat casualties. Arch. Surg., 98: 272, 1969.

627




T T

—— ————r——
m.mﬂmm DA O DO-RRE (AR) 498
69 01 31 |D. Change v [} ' ] [
[ SRDIEET MUERSR TASK AREA HURSUR WOR T IR
CI102k CSADSIIUZE7IN 92
4
and troatment of shock in man (09)
i 012900 Physiolo,
07 63 NA DA | C. In-House
Not applicable I T rT—
& SANEIIOETIVE CEMRATIN.
& TVl 4 Mpunn VEAR
o Suser mvan £ S AWT. 70 6 170
| 1 L 11

Walter Reed Army Inst of Res

Walter Reed Army Inst of Res
Div of Surgery

Washington, D. C. 20012 Washington, D. C. 20012
OVESTIGATOR (Pusiets S0AR o .5, Asedands fastttetiny
——eea nang® Aaby, LTC Gene V.
L Meronsy, COL W. H. mewme 202-576-3791

- - 1 SOOI SROVAITY AGEBUNT NUNSEN
» . o TR MVeITigATONS
Yoreign intelligence considered wee  Gutierrez, MAJ V. 8.
] . J. DA
Sponses kO Lrauma; WORATY A

lation Defects Serum s Screen Filtration; (U) Streas Ulc-r

CRIBIVIVE,” 00 APGERAGN, 05 FORERINS (Funid Rlividnd peagughe Santiied iy Suhe. Paear s of cnsh @B Suigndy Glmolivation Guie)
23. (U) To evaluate the physiologic responses to trausa in combat cuunlt!.u.

2. (V) All seriously wounded casualties admitted to the 24th Evacuation Hospital are
studied by the surgical research team. Arterial blood gases, pulmonary function tests,
and cardiac output tests svaluate tha cardiopulmoniry system. Serum ensymes, lactats,
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alkalosis following resuscitation and surgery. Coagulation defects appaar only after
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Project 3A061102B71R RESRARCH IN BIOMEDICAL SCIENCES
Task 01, Surgery
Work Unit 092, Intensive study and treatment of shock in men

Investigators.
Principal: LTC Gene V. Aaby, MC
Associate: MAJ Donald B. Doty, MC; MA) Roger V. Moseley, MC; MAJ Heary
B. Soloway, MC; MAJ William H. Fleming, MC

1. Human Myocardial Zonal Lesi.cms1

a. Statement of the Problem: The cause of death in hemorrhagic
shock has been attributed to failure of several different organ syatems.
Guyton and others have documented myocardial failure as the final common
pathway in death from hemorrhagic shock.

b. Background: Numerous models of hemorrhagic shock have been
developed through the years and intensive investigations developed to
determine the cause of death in hemorrhagic shock. Terminally, there
is fallure of the cardiovascular system. It has not been clearly defined
whether the failure represents primary myocardial failure or failure of
the peripheral vascular system or lungs and a secondary effect upon the
myocardium. Myocardial zonal lesions are a consistent pathologic find-
ing in experimentel animels following hemorrhagic and endotoxic shock.
Until recently this type of myocardial damage has not baen demonstrated
in man.

c. Approach to the Problem: A 20-year-old soldier sustained combat
wounds and died of hemorrhagic shock prior to treatment., Detailed au-
topsy was performed five hours after death.

d. Results and Discussion: Histologic examination revealed zonal
lesions located at the intercalated discs and other parts of the myocytes
in the heart. These have been previously described following hemorrhagic
shock {n experimental animals, but lack of appropriate clinical material
has failed to reveal them in man. This finding may further decument the
thesis that myocardial failure is the principal common pathway in demise
due to hemorrhagic shock.

e. Conclusion: Myocardial zonal lesion following exsanguination in
a combat casualty was demonstrated. The lesion is {dentical to that
found in experimental models of hemorrhagic shock. Development of this
lesion early in hemorrhagic shock may be the basis for subsequent myo-
cardial failure. '
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f. Recommendation: Thorough autopsy examinations of casualties
dying of hemorrhagic shock may unfold the confusing picture of final
demice from hemorrhage.

2. Relationship of Crystalloid Administraticn during Resuscitation to
Serum Solids and Development of Arterial Hypoxemia.

a. Ststement of the Problem: Pulmonary insufficiency and generalized
edeme are commonly present after resuscitation in severely traumatized
battle casualties.

b. Background: Learge volumes of crystalloids are administered
during resuscitation from combat wounds. Many of the casualties would
have died in previous wars but have bzen salvaged by rapid helicopter
evacuation from the battlefield to the hospital. Volume replacements
using crystalloid solution have saved the patient but a few days' post-
operative pulmonary insufficiency and overhydration are a common prob-
lem. The present study was designed to determine the association between
total serum solids and arterial hypoxemia in a group of severely injured
casualties.

c. Approach to the Problem: 8ixty casualties were studied measur-
ing blood gases, lactate, and total serum solids.

d. Results and Discussion: There was a correlation between the
finding of low serum solids and arterial hypoxewnia in patients that had
been given large volumes of crystalloid soluZions during resuscitation
and surgery. Of hypoxemic patients with low serum solids 24 hours post-
operatively 83% received mora than 3,000 cc of Ringer's lactate. By
contrast only 12.5% of the patients with normal serum sclids and normal
oxygen tension received this volume of fluid.

e. Conclusion: The data supports the concept that excessive hemo-
dilution with crystalloids may result in reduction of plasma osmotic
pressure and may be partially responsible for impairment of pulmonary
function following severe shock and trauma.

f. Recommendation: The fluid regimens uszed for resus-itation of
severely wounded need further study and investigation to determine the
proper combination of blood and crystalloid solutions to be usad during
resuscitation of the sevarely wounded.

3. Qbtaining a Reliable Specimen of Arterial Blood: The Problem of
Vesous Adsixture.

a. Statement of the Prodblem: Investigatcrs have documented arterial
hypoxemia following severe trauma.
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b. Background: Numerous investigators in the combat zcope and in
D civilian trauma centers have documented the presence of arterial hypoxemia
following nonpenetrating chest injuries, penetrating chest injuries,
fractures, extremity wounds, blast injuries, fat embolization, and many
other types of injuries.

)

c. Approach to the Problem: Four cases were documented in which
arterial hypoxemia was present but repeated sampling revealed the inftisl
low p0, was; &n error and resulted from venous admixture duz tc aspiratioa
of blood from a vein adjacent to the artery that was the saapling esite.
Because of the adjacent femoral vein and the numerous brauches at the
fossa ovalis the femoral artery may be a ccmmon site for venous admix-
ture to occur during sampling. The use of long beveled needle may contri-
bute to the error.

d. Conclusion: Errors may cccur during sampling of arterisl blood,
pernitting venous admixture and a fallacious diagnosis of arterial

hypoxemia.

e. Recommendation: Adherence to careful techniques is necessary to
produce valid results.

4. Coagulation Disorders in Combat
Wounding and Effects of Massive Transfusion

a. Statement of the Problem: Following massive trauma requiring
multiple blood transfusion, s hemorrhagic diathesis comzonly occurs.

b. Background: In both military and civilian trauma larie volumes
of blood and other fluids are given rapidly &.:! the patient is success-
fully resuscitated and undergnes surgical treatment of the woundc. During
this period several thousand milliliters of blood may be giver and sfter
a prolonged period of shock, a bleeding tendency commonly occu:r2 which
has been thought to be related to a constmptive coagulopathy or dilution
of the clotting factors which prevents good :lot formation,

c. Approach to the Prohlem: The prothrombin time, partial thrombo-
plastin time, recalcification tims, platelet time, tibrinoger and presen.e
of fibrinolysin were determined in large nuwsbers of comb-: casualtier
admitted to surgical hospitals. Casualties were restudied after multiple
blood transfusions. The clotting factors ia 72 :nits of storsd bank
blood were analyzed.

d. DResults and Discussion: The prothrombin time, partial thrombo-
plastin times correlated statisticslly with the degrue of hypotension,
. acidosis, and lactacidemia. The findings were consistent with experi-
_) mental observations that trauma and shock produce ‘nitial phase of hyper-
coagulability fcllowed by a return to normal or hypocoagulability. The
hypocoagulable state is best explained by disyeminnted {ntravascular
coagulation precipitated by the presence of homolysis, releas: of thrombo-
Q plastin, acidosis, and hypoperfusion zeen in patients with hypovolemias.
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Transfusion is accompanfed bv diiutional coagulation defects. Platelet \ ‘
levels fell rapidly during massive transfusion.

ev” Conclusiops: Except for severe trauma resulting in disseminated -
intravascular coagulation or requiring large volumes of blood transfu- L :
sion, stored bank blood does not rosult in a coagulopathy. The use of
fresh vhole blood will partially counteract the dilutional effect on
cosgulation pazameters.

f. Rscommendation: Additional studies to elucidate the pathogenesis

of dissuminated intravascular ccagulaticn and the hypocoagulable state
are needed.

5. Hypoxemia during the first 12 Hours cfter Battle Injuries.

8. @3tatement of the Problem: Hypoxemiz and respiratory insufficiency
commonly occur after severe combat injuries.

b. Background: Several investigators have demcnstrated the occurrence
of hyroxemia following severe inluries. The location of injuries is not
pecessarily r:lated to hypoxemia. Wounds of the chest causing inter-
ference of ventilation and lung function would be expected to result in
hypoxemia. However, blast injuries of the foot, extremity wounds, and
scvere fracturcs may cause hypoxemia from release of fat emboli, plate-
let aggrc ations, cellular debris, and other microemboli which interfere
with pulaonary function.

«

having the surgical trauma team were studied and those demonstraring
arterial hypoxemia with a below 80 were serially followed. Fifty-
eight patients constitited this group.

c. Approach to the Problem: Ail casualiies admitted to the hospitals

d. MNasulte and Discussion: In this group of patiente the follouing
causes of hypoxemia were identified: chest injury, 29, aspiration, 14;
fat e=bolism, 6; overtransfusion, 4; bdbrain injury, S.

¢. Conclusion: Hypoxemia has muitiple ctiologies and may be caused
by any factor which influences ventilation, perfusion, and diffusion.

f. Becommsudation: Tbis multi-faceted problem needs careful inves-
tigation of the component parts.

()
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23, (U) Development of standardized biological preparations for long term hemodynamic
and biochemical studies of the controls of the heart and circulation in the normal
state and under the influence of abnormal and pathological stresses.

24. (U) Energy metabolism of the heart has been studied at sarcosome level. Regulation
of regional blood flow has been studied in the unanesthetized dng with chronically im-
planted electromagnetic flowmeters and special tubes in the aorta, coronary sinus and
coronary artery. Preparations and stresses used include the normal heart, the heart
with hemorrhagic shock and with acute and chronic coronary insufficiency.

25, (U) 69 01 - 69 06. Chronically implanted intracoronary tubes for estimating coro-
nary collateral indices have been improved. A new compound has been found which blocks
AT? synthesis without affecting utilization; it should be a powerful tool in studying
the mechanism of high energy transfer reactions in sarcosomes. Adenosine mey be a regu-
lator of coronary blood flow since its myocardial conten: rises during coronary occlu-
sion and falls during coronary release. Intravenous calcium decrsases left coronary
vascular resistance. During irreversible hemoxrhagic shock, gystolic coronary vascular
resistance is reduced during the hypotensive and postinfusion decay periods. - In con=
genital subaortic stenosis, mean left coronary flow is reduced, flow during systole be-
ing almost entirely backflow. Fxperimental models have heen developed to study the
natural history of coronary collateral development during abrupt or gradual occlusion

of a left coronary branch. Coronary collsteral indices rise progressively suggesting
preocclusion existence of significant dormant coronary collaterals.  Intra-aortic bal-
looning improves these collaterals mildly. These collaterals rise more quickly follow-
Iing coronary reocclusion after subsequent coronary releac:. For technical revorts, see !
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Project 3A061102B71R, RESEARCH IN BIOMEDICAL SCIENCES
Task 02, Internal Medicine
Work Unit 085, Vascular components of cardiorespiratory disease

Investigators,

Principal: Donald E. Gregg, Ph.D., M.D,

Associates: LTC Ray A. Olsson, MC; Eric C. Elliot, M.D.,?h.D.; Colin

: M. Bloor, M.D.; Arthur S, Leon, M.D.,; Lino Granata, M.D.;

Andrew Huvos, M.D.; A. Pasque, M.D.; N, M. Papadopoulos,
M.D.; Stanislaw Pasyk, M.D.; Darrell W. Haas, Ph.D.;
Edward M. Khouri; Howard S. Lowensohn; Charles E. Cain;
R. Richard Gray; William J. Mitchell; Bertram Pitt, M.D.
(Sohns Hopkins University School of Medicine); David E.
Donald, M.D,(Surgical Research Section, Mayo Clinic);
R. Lee Pyle, Ph.D,(School of Veterinary Medicine, Univ.
oi Pennsylvania); Frank Hastings, M.D, (Artificial Heart
Program, National Heart Institute); Mary K. Gentry.

Description.

Development of standardized biological preparations for long term hemo~
dynamic and biochemical studies of the controls of the circulation and
of myocardial activity in the normal state and under the influence of
abnormal and pathological stresses.

Progress and Results.

1. Development of Instruments and Methods for Cardiovascular Research.

Tubes for implantation in a coronary artery and in the aorta of the
chronic dog have been improved by the substitution of silastic for the
intravascular portion of the catheter.

2, Mvocardial Metabolism.

Further studies on site-specific inhibitors of oxidative phosphoryla-
tion have been carried out. It has been found that it is possible to
shift the site of action of some of these poisons within certain classes
of compounds. The arylbiguanides, for example, show a shift from site 1
to site 2 inhibition depending on the chain length between the aromatic
ring and the biguanide residue. Phenylbiguanide and its ring-substituted
analogues ave strong inhibitors of site 1 phosphorylations., 1If one or
more methylene groups are introduced between the phenyl ring and the bi-
guanide moiety, ivhibition is shifted from site 1 to site 2, 1In the case
of benzylbiguanide, substitution on the ring at the ortho position

causes a shift buck from site 2 to site 1. 1t is apparent that any

group which sterically interferes with the first amine and/or the first
imine ot the biguanide, causes the resulting compound to react as a

guspidine, ‘This is an important observation which can lead to the
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systematic separation of the phosphorylation sites for the study of the
primary energy transfer mechanisms.

A further study of the carbodiimides has lead to the conclusion that
certain of these substances which have ilarge aromatic substitutions on
the two nitrogen residues can act competitively with ADP for high-energy
phosphorylated intermediates. This should be a useful tool in the sepa-
ration of the forward reaction (the oxidative synthesis of ATP) from the
reverse reaction (the utilization of ATP and other phosphorylated inter-
mediates).

3. Metabolic Control of Coronary Blood Flow.

The relationship between myocardial adenosine content and coronary bloed.
flow rat. was studied in anesthetized open chest dogs. The standard én-
zymatic spectrephotometric technique for adenine nucleoside assay was
modified to give a 200-fold increase in senmsitivity, thus permitting
measurement of adenosine in heart muscle extracts, The myocardial.con-
tent of adenosine nucleosides was found to increase during coronary
artery ccclusion and to fall exponentially during reactive hyperemia.
Coronary blood flow rate was a function of the logarithm of myocardial
adenosine content in the oxygenated heart and during myocardial reactive
hyperemia. Studies of the influence of orthophosphate on the production
of adenosine from AMP have been undertaken in order to explain varia~
tions in the rate of myocardial adenosine production during coronary
occlusion,

4. Expecimental Models for Study of the Coronary Circulation.

For study of the regulation «f the coronary circulation under various
stresses (noncoronary insufficiency) the experimental model was the
trained, unanesthetized resting dog. Tmplantations included a tube in
the ascending aorta for sampling blood pressure, a tube in the coronary
sinus for estimating myocardial metabolic change, a flow transducer on
the left circumflex coronary branch together with a pneumatic cuff for
temporary flow zero. For study of coronary insufficiency and the col-
lateral circulation, in addition to the preceding implantations, place-
ment was made of a flowmeter and zeroing cuff on the left descending
coronary branch, and, on the left circumflex branch, an extetrnally ad-
justable hydraulic occluder for gradual (few days) or abrupt reduction
of coronary flow to zero and an intracoronary tube to permit measprement
of two collateral flow indices, xenon clearance, and residual coronary
pressure (PCP) following temporary and/or permanent closure of the cir-_
cumflex branch,

5. Effect of Calcium on Coronary Hemodynamics in the Unanesthetized Dog.

This project, now complete, was in collaboration with the Johns Hopkins
School of Medicine, The coronary hemodynamic effects of intravenous

calcium gluconate or chloride 0.5 gm (Ca) were examined in 3 tvained




resting unanesthetized dogs. Ca caused initially an increase in myo-
cardial contractility, coronary flow, cardiac output, and a decrease

in late and mean coronary resistance; later as the heart rate fell,
coroniry resistance returned to normal or increased. In other dogs
with blocked and paced hearts in which the heart rate could not
change, the decrease in coronary resistance was maintained through-
out. Such cu.unary vasodilatation following Ca is believed to be
due to an initial inotropic effect followed by secondary metabolic

dilatation rather than to a direct effect of Ca on the coronary vas-

culature.

6. Left Coronary Hemodynamics during Hemorrhagic Hypotension and
Shock.

This project'now complete was started some years &ago in collaboration

with the Institute of Human Physiology at the University of Torino,
Italy. Coronary and systemic pressure-flow relations, and the dis-
tribution of the left coronary inflow within a cardiac cycle have
been studied in preoperated unanesthetized dogs in irreversible
hemorrhagic shock. During bleed-down, coronary resistance first
increased and then decreased. However, during prolonged oligemic
hypotension, coronary resistance progressively rose up to the time
of blood reinfusion. With one exception, the changes of coronary
resistance during postinfusion cardiovascular decay were direction-
ally simjlar to those produced by hemorrhage although they occurred
generally at a somewhat higher level. 1In the coronary blood flow
pattern, the diastolic component was markedly elevated but the sys-
tolic component was markedly reduced at or near to completion of
hemorrhage with evidence of a large systolic backflow. As oligemic
hypotension progressed, the systolic componant increased greatly
exceeding the control, This increase occurred also during spon-
taneous hemodynamic decay, and late in this period the coronary
blood flow pattern often resembled the aortic pressure pulse, the
tystolic flow being much higher than the diastolic flow for an
equivalent period of time,

7. Coronary Artery Blood Flow in the Resting Dog with Congenital
Subaortic Stenosis.

' This study was undertaken for the Comparative Cardiovascular Studies

Section, School of Veterinary Medicine, University of Pennsylvania,

because it was felt that such an animal affords a rare opportunity to

learn more about the influences of such an anomaly, and related disease

__ states, on the coronary circulation and associated physiological and

pathological conditions encountered in man. 7Two dogs were obtained
with congenital subsortic stenosis formed by a restrictive, fibrous
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band just beneath the aortic valves. Clinically, the dogs were charac- i

terized by a marked left ventricle~-aorta systolic pressure gradient
(118 mm Hg in one dog) and mild congestive heart failure. One dog was : g

on a dnily regimen of digoxin due to preoperative diagnosis. At
autopry, tue left ventricle was grossly hypertrophied, the heart weight g
being 422 gm in a 34 kg dog, and 331 gm in a 25 kg dog.

Under halothane anesthesia, a pressure tube was placed in the ascending
sorta and a flow transducer around the main pulmenary srtery (rather
than on the asorta which was massively dilated). A second flow trans- A
ducer was placed on the left circumflex coronary branch together with a *
flow zeroing cuff, After surgery, the unanesthetized dogs were studied .
for approximately 4 weeks. Only the coronary flow dsta has been ana-
lyzed. From the second week on, when hemodynamic conditions had stabi-
11zed, the dogs had coronary flows of about 20 ml and 46 ml1/100gm left
ventricle/min. The coronary systolic flow was almost entirely backflow.
When digoxin administration was stopped in the second dog during the
third week, his coronary flow dropped from 46 ml to 30 m1/100gm left
ventricle/min. These circumflex coronary flows are considerably less
than that in the normal resting dog which approximates 50 wl/100gm/min,

8. Regulation of the Coronary Collateral Circulation.

The natural history of development of the coronary collateral circula-
tion has been studied in trained, unanesthetised dogs following gradual
(few days) and abrupt circumflex coronary artery occlusion, and the
effects thereon determined of intra-aortic ballooning, drugs, and sub-
sequent release and reocclusion of the circumflex branch.

a. A gradual circumflex occlusion. Three successful experiments
were performed bringing the total to 4 of gradual occlusion of the cir-
cumflex branch of the left coronary artery. In a previous report (Cir-
culation Res.22:237, 1968), the effect of ameroid constriction of the
circumflex on coronary flow and peripheral coronsry pressure had been
observed, but an estimation of the collateral flow (other than the assump-
tion that a rise in peripheral coronary pressure indicates development of
collateral flow) was lacking. It has been the purpose, therefore, in the
extension of this study to obtain more evidence of the actual collateral
flow. This has been attempted by xenon clearances obtained with xenon
injections into the developing ischemic ares of the constricted circum-
flex branch. It has been found to date that the xenon clearance in-
creases as the peripheral coronary pressure rises secondary to the con-
striction. By the time the circumflex branch has baen completely
occluded (over a 5-6 day interval), the estimated collateral flow and
the peripheral coronary pressure have become well-established, At _ o
autopsy the hearts had little or no infarction. : ;

b. A&;!gg_giggggglgg_gfglgg;gg. The results of 24-30 hours of
abrupt circumflex branch occlusion on the coronary collateral circula-
tion confirmed those of previous experiments. These i{ncluded lack of
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evidence for pain, no ventricular fibrillation, long delay in onset
of ventricular tachycardia, and in K and CPK efflux into the coronary
sinus, a progressive and significant rise in PCP and xenon clearance
during the occlusion. Lidocaine, given intravenously gave results
(increased PCP and unchanged isotope clearance) compatible with coro-
nary collateral dilatation bhut the same findings with intracoronary
injection into the ischemic bed could also indicate arteriolar or
coronary vein constriction.

c. Diastolic assist (intra~aortic ballooning). Theoretically,
redistribution of aortic blood pressure near the coronary ostia by
dropping the aortic systolic pressure and raising the aortic diastolic
pressure but without change in mean aortic pressure could benefit the
heart in the presence of coronary insufficiency and cardiogenic shock
through a decrease in cardiac work, coronary flow, and myocardial
oxygen needs, and through an increase in coronary collateral functionm.
To test this, three experiments were performed in the chronic conscious
dog in which the coronary collateral indices (PCP and xenon clearance)
had been increased significantly by prior abrupt or gradual (4-6 day)
circumflex branch occlusion. Central aortic pressure redistribution
was achieved by means of an intra-aortic balloon inserted through a
femoral artery under local anesthesia and situated just below the
origin of the left subclavian artery. The balloon was activated by
an AVCO pump system supplied by the National Heart Institute. While
too few experiments have been done to permit any conclusions, the
intra-aortic assist apparatus did increase mildly the mean PCP
(increased diastolic pressure with the same or lower systolic pres-
sure) while the mean aortic pressure was essentially unchanged.

d. Regression and re-establishment of the coronary collateral
circulation following coronary artery release and reocclusion. Four
experiments were done in which the circumflex branch of the left coro-
nary artery was occluded gradually (4-6 days) to zero flow. Collat-
erals from the other major coronary branches, notably the left de-
scending branch, had developed and supplied adequately (without in-
farction) the area penalized by the occlusion as evidenced by increase
in descending flow, PCP and xenon clearance. Following reopening of
the circumflex branch, the collateral indices returned to normal with-
in at least 4-5 days. A few days later, the circumflex branch was
abruptly reoccluded in one step. Within less than one hour, the
values of the collateral indices matched those obtained after 5 days
of the initial occlusion. In a continuation of this type of study,
the circumflex branch of the coronary artery was occluded abruptly and
completely in 4 dogs, and the development of collateral circulation
monitored for,3 to 5 days, at which time collateral indices were
markedly elevated. This type of occlusion resulted in the infarction
of massive areas of the bed normally supplied by the circumflex.

After adequate recovery from this initial occlusion (re-establishment
of sinus rhythm with heart rate back to near control) the vessel was
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reopened until the PCP and other parameters were back to the pre-
occlusion level. Following subsequent abrupt circumflex reocclusion,
the collateral indices rose immediately and within one hour equalled
those which were obtained in the initial occlusion only after one to
two days.

Conclusions

A new compound (Bis-N-N'-triphenyl methyl carbodiimide) has been found
which apparently blocks the synthesis of ATP without affecting its
utilization. This inhibitor could be a useful tool in the study of
the mechanism of high energy transfer reactions in sarcosomes.

Adenosine has been identified in the normally oxygenated myocardium
of dogs. Myocardial content of this compound rises during coronary
occlusion and falls during ensuing reactive hyperemias in a way which
suggests it is 8 primary regulator of coronary blood flow in this
response.

Intravenous calcium in the unanesthetized dog decreases left coronary
vascular resistance.

In irreversible hemorrhagic shock in conscious dogs, the most interest-
ing finding is the change in systolic coronary resistance. Systolic
coronary resistance increases late in bleed-down but decreases largely
during prolonged hypotension and postinfusion decay, the coronary flow
pattern at times resembling the aortic pressure pulse with the systolic
flow being greater than the diastolic flow.

In congenital subaortic stenosis, left coronary flow during systole is
largely backflow and the mean coronary flow is reduced considerably.

Obgervations have been made on the natural history of development of
the coronary collateral circulation in the presence of abrupt or
gradual (few days) closure of the left circumflex coronary artery
branch, The main finding is an amazing rapidity and order of magni-
tude of collateral development. This indicates the opening up of
built-in-pre-existing collaterals that were not previously function-
ing. It has not been found possible as yet to improve with drugs
this natural development, with the possible exception of Lidocaine.
Possibly, mild improvement follows intra-aortic ballooning.

Although these collaterals cease to function and return to normal
within a few days after reopening the circumflex artecy, they are
immediately available if the circumflex is reoccluded some days
later, and reach a high level much more quickly than following the
initial occlusion,
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Project 3A061102B71R RESEARCH IN BIOMEDICAL SCIENCES
Task 02, Internal Medicine
Work Unit 086, Blood and blood disorders

Invastigators

Principal: OOL Marcel E. Conrad, MC

Associate: LTC Dallas B, Tuthill, MC, LTC James L. Stewart, liC,
MAJ George M, Bernier, MC, MAJ Richard J. Coher, MC,
MAJ Ronald O, Gilcher, MC, MAJ John R. Sachs, !iC,
MAJ Stanley G, Schade, MC, CPI Lewis H, Dennis, MC,
CPT Dennis S. O'Leary, MC, M. Bernadette Garvey, M.D.,
Charles F, Barr, Ruth G. Breunan, Donna J. Wicker oad
Harold L. Williams,

Description

Basic and clinical studies to investigate the functions and disorders
of blocd and blood forming organs,

Progress and ts

Clinical malaria does not occur without hemolysis and parasitemia of
circulating erythrocytes, lemolysis does not seem to be caused by
antibodies or hypersplenism. Previousiy, we shiowed that hemolyeis in
excess of the number of observed parasitized erythrocytes in the circu-
lation was caused by splenic pitting of parasites from infected red
blood celles and the return of damaged spherocytes with a shortened
lifespan to the circulation. Vo postulated that premature destruction
of red blood cells affected by parasitemia was caused hy loas ¢f the
negative charge on the surface of erythrocytes. The negativa charge
on the surface of red blood cells prevents physicel demage to erythro=-
cytes ~irculating in the b}ood and prevents their phegocytosis by
reticulosndothelial cells.* Studies of parasitized red blood cells
show chauges which support this hypothesis; the infected srythrocytes
algrate aore siowly towards an anodal current in a cytopherometer and
aggregate more rapidly than cormai cells in solutions countaining a
surplus of positively charped compounds such as polylvsine H Br,

Since the negative charge on the call surface requires N-acetylneur-
aminic acid, assays of this compound are being modified for measure-
asnts of malarious cells and for comparison with cells treated with
neuraminidsse.

Tie aduias’on of soldiers to Walter Reed lioapital with a history of
cysnosis in Vietnam and the possible association with the adminis-
tration of conventional chemoprophylactic doses of smtimalarial drugs
led us to study this problem. These soldisrs were shown to have a
heterozygous deficiency of nicotinanidc adenine dinuclectide (RADH)
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wsthemoglobin reductase. Chloroquine, primaquine and diaminodiphenyl
sulfone were sach shown to provoke methemoglobinemia in enzyme de-
ficient subjacts in doses cthat have no measurable effect in normal
persone. Further studies of the effects of antimalarial drugs upon
hemoglobin and respiratory enzymes are needed in addition to infor-
mation of the prevalence of NADH methemoglobin reductase deficiency,
Chemicel methods for measurcment of assays are being automated to
permit performance of large scale studies,

Clinical studies of the effect of chemoprophylactic doses of chloro-
quine and primaquine are being performed to determine the effect of
repeated weekly doses in Caucasians with various forms of glucose-b-
phosphate dehydrogenase (G6PD) deficiency. It is known that anti=-
malarial drugs cause decreasing hemolysis with repeated dosages in
G6PD deficient Negroes because of selective destruction of aped ery=-
throcytee., This is not believed to occur in GoPD deficient Caucasians
because erythrocytes of all ages are hemolyzed by administration of
oxidant drugs. Qur studies seem to indicate diminishing hemolysis of
cells of all ages with repeated doses of primaquine, suggesting that
there is a production of cells by the bone marrow which are more
susceptible than others,

Studies of a family of a patient with hemolytic anemia revealed a
prevriously undescribed enzymatic abnormality of red blood cells., The
subjects had relatively normal blood levels of pyruvic kinase, but the
enzyme had an elevated Michaelis constant for its substrate, phosphoeno-
pyruvats, Prelunabiy, the defect results from a structural altera-

tion of the enszyme,

Basic investigations of red blood cell transport of cations were
continued, The effect of tetraethylammonium (TEA) fon on cation
transport was stwlied, TEA was found tu inhibit potassium influx
into red blood cells and competitively inhibit potassium activated
sodium outflux, TEA substitutes for potassium in that it inhibits
sodium influx, and it inhibits the binding of ouabain to cells when
both TEA and ouabain are present simultaneously, an effect which also
occura with potassium., This provides evidence that TEA combines with
a component of the cation transport system so that it is unable to
perform cation transport or bind ouabain.4

Thrombosis and hemorrhage are frequent complications of many in-
fectious diseases, Coagulation studies were performed upon blood
specimens from patients and experimental animals. Humans with Korean
hemorrhagic fever and meningucoccemia, monkeys infected with yellow
fever and guinea pips infected with Argentinian hemorrhapic fever had
multiple coagulation abnormalities suggesting the occurrence of
accelerated intravascular coagulation., Similar coagulation abnor-
malities were found in monkeys which deveioped erythrocytosis in a
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hypobaric environment. Coagulstion changfes did mot occur until the
erythrocytosis abated. Sections of bvain ard lungs from animals main-
tained at simulated altitudes showed both hemorrhisge and thrombosis.3~8

Tracker dogs in Vietnam frequantly develop 2 fatal hemorrhagic disease.
Specific coagulation abnormalities ware not found in blood specimens
from animals with this disease, suggesting that the disorder is a
vasculitis and not a coagulopathy.

Studies of coagulation changes were performed upon blood specimens
from monkeys injected with venoms from various species of snakes,
Venoms from the Crotalidae and Viperidae produced coasgulation abnor-
malities while venoms from Elapidae and Hydrophaedie did not. Marked
thrombocytopenia was seen following the injection of certain venoms
and produced changes suggestive of accelerated intravascular coagula-
tion. Russel viper venom acted as a potent first stage procoagulant
and Malayan viper venom caused a significant decrease in blocd levels
of factors II, V and VIII.

Changes in blood coagulation following exercise wure studied. Exercise
caused a marked increase in factor VIII activity and cnhanced plasmine-
gen activation, The former was prevented by the administration of
propranolol before exercise but not the latter. Thus, while exercise
increases factor VIII activity by beta receptor stimulation, this
mechanism is not responsible for the increase in fibrinolysia.9‘1°

Additional coagulation studies have been performed in patients with
hematologic disorders and in subjects with several disease states.ll,12
Standards for coagulation reagents have been established for govermment
purchase, and materials submitted on bid are examined for conformance
to standards,

The possible relationship of ¢ D immunoglobulin to malaria has ba=en
studied in Vietnamese populations. Increased serum concentrations of
J b globulin have been found in Montagnards and Vietnamese living
in an area of high malarial endemicity (Budop), whereas levels of
¥ D globulin comparable to a North American blood donor population

are found in Vietnamese living in Bien Hoa, a uonmalarial area.
Serologic testing of the serum samples for malarial antibodies is
being performed, and titers of antibodies will be compared to ¥ D
immunoglobulin levels.

The catabolism of a low=-molecular weight human protein (B,-micro-
globulin) has been studied in rats. The protein has been“shown to
be dependent for catabolism upon functioning renal tissue. Although
it is not excreted by the kidney, B, microglobulin is extracted by
the kidney. It is handled in a rapid normal fashion by rats whose
ureters have been ligated, but has a prolonged half-life in anephric
animals.13,
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A child with fatal mucocutaneous candidiasis was studied with the
Dapartment of Pediatrics, Walter Reed General Hospital. The child
was found to have (1) absent ¥ A globulin; (2) impaired delayed
hyperaensitivity; (3) abnormal lymphocyte stimulation and (4) anti-
bodies to various bovida antigens, The latter antibodies appeared
to interfere with the lymphocyte stimulation.

Two crystalline myeloma globulins are under study in an attempt to
obtain crystals of sufficient size to perform X-ray crystallography
in conjunction with the Department of Biophysics at Johns Hopkins
University,
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Project 3A061102571R RESEARCH IN BIOMEDICAL SCIENCES
Task 02, Internal Medicine
Woxk Unit 087, Gastrointestinal disease

Investigators.
Principal: John P. Kalas, LTC, MC
Asgsociates: David G. Reynolds, MAJ, MSC; Gerald R. Plotkin, MAJ, MC;
Lelf I. Solberg, MAJ, MC; James Beardon, MAJ, MC; Tatsuo
Hage, M.D.; Pearl R. Anderson, Ph.D.; and Betty Moss, GS-9.

Description.

The principal research activity in the Department of Gastroenterology
remains forused on the pathophysiology of diarrheal diseases. Investi-
gative emphasis 1s placed on gaining information concerning the effect
of diarrheal disease on those intestinal mechanisms associated with the
accumulation of fluid within the gut lumen and those mechanisms involved
in propelling the luminal contents over the length of the intestine., A
multidisciplined approach is being followed in pursuing this program
with studies being done on intestinal salt and water transport, neuro-
muscular interactions, muccsal disaccharidase activity, and microvascular
architecture. The resulcs of these studies are being integrated to
formulate a comprehensive interpretation of the intestinal response

to diarrhea producing agents.

A study of the pathogenesis of gastric stress ulcer disease has been
inaugurated in the Department as a result of the presently occurring
incidence and severity of the condition in seriously injured individuals
in Vietnam. The scope of the study will include investigation into con-
tributory factors, effects «f medication, and potential treatment or
control procedures.

Progress and Results.
1. Pathophysiology of Diarrheal Disease.

a. Intestinal Transport in Diarrheal Disease. Rat Salmonells
typhimurium wus the experimental model employed in these studies. The

snimals were challenged with §. typhimurium delivered by gastric tube
and studied at two and six days. At two days, none of the animals
displayed external diarrhea but all had mild mucosal changes. At six
days, two patterns were cbserved. In approximately half of the animals
there wvas no diarrhea but histological examination revealed moderate
mucosal lesions. The remaining group of six-day animals revealed gross
diarrhea plus more severe mucosal lesions on microscopic examination.
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Water, electrolyte, and glucose transport was studied in jejunum,
ileum, and colon by in vivo perfysion techniques. In comparison with
control animals, the two~-day and six~day moderately infected animals
demonstrated a minimal depression of absorption in all gut levels
studied.l>2 Animals with severe six-day infections demonstyated
identical minimal absorption changes in the jejunum and colon while
the ileal segment secreted water and electrolytes. This observation
is compatible with information available in the literature and suggests
that one of the physiological determinants of diarrhea is intestinal
secretion. Abnormalities in ileal anion transport are also evident.
Despite secretion of other electrolytes, the normal secretion of
bicarbonate into the ileum is inversely related to abscrption. Thia
bicarbonate absorption is not secondary to systemic acidosis and is
accompanied by elevated pC0; levels which suggests secretion of
hydrogen ion into the ileal lumen.2 These results are being prepared
for publication. Further studies are being done on similar experimental
groups in an attempt to modify the ileal secretion by the addition of
glucose to the perfusion solution. The presence of glucose in the
ileal perfusate inhibited the secretion noted above for this discased
segment. These results suggest that the inclusion of glucose in oral
fluids for patients with similar enteric lesions might be expected to
improve systemic water and electrolyte balance.

Studies are being initiated in which the perfusate bicarbonate and
chloride concentrations are altered in an attempt to further evaluate
the anion transport changes that have been observed in diarrheal
disease. Work in several laboratories suggests that mucosal cyclic
adenosine monophosphate (CAMP) levels influence membrane transport.

A study 1s currently being developed using theophylline to alter CAMP
levels in diarrheal disease and thus determine if these pharmacological
mechanisms are altered in diarrhea.

b. Intestinal Neuromuscular Interactions. The previously reported
observations that experimental Salmonella typhimurium infections are
associated with increased intestinal motor responses tc cholinergic
stimuli, increased large amplitude rhythmic activity, and a loss of
adrenergic responscs of the gut has precipitated a study of the peri-
staltic reflex in diarrheal conditions. At this time the study has
been limited to delincating the normal neuromuscular interactions during
the peristaltic reflex. An in vitro approach is being used in which
both longitudinal and circular muscle regponses to co-axial electrical
and pharmacologic stimuli are being recorded. The results indicate
that longitudinal and circular muscles contract reciprocally and occur
due to activation of separate neuronal elements. The reciprocal,
inhibitory events are a result of individual inhibitory neurons serving
the separate muscle layers. Through the use of the neurotoxin, tetrodo-
toxin, inhibitory neurons to the circular muscle have been unmasked and
have been shown to not be adrenargic in nature by use of standarzd
adrenergic blocking agents. However, the nature of the inhibitory
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transmitter is undefined. This study will be continued in the experi-
mental diarrhea model to further describe the neuromuscular changes
accompanying diarrheal disease.

Preliminary studies have been started to describe the action of
salmonella endotoxins on the neuromuscular matrix of the gut. Salmonella
typhi endotoxin appears to increase the excitability level of Auerbach's
plexus as suggested by a marked reduction in measured chronaxie values.
In addition, the predominant effect of co-axial stimulation is shifted
from being on longitudinal muscle to being on circular muscle. The
observations may explain the observed increase in rhythmic activity

and cholinergic reactivity reported previously.

In collaboration with the Department of Pharmacology, Division of
Medicinal Chemistry, WRAIR, thg alpha adrenergic blocking properties
of WR-2823 have been reported.” The unique ability of this agent to
block vascular adrenergic alpha receptors without effecting those of
intestinal smooth muscle makes WR-2823 a potentially valuabie drug in
separating splanchnic blood flow from intestinal motor activity in
in vivo animal studies.

‘c. Intestinal Disaccharidase Enzyme Activity. A study has been
published in which the lactase activity of native Thais has been shown
to be signifzcantly lower than that of Caucasians in a nontropical
environment,” The infant Thal demonstrates normal lactase activity
until two to four years of age at which time it becomes markedly re-
duced. Since elevatad dietary lactose does not lead to adaptive enzyme
formation, the defect is estimated to be permanent in nature.

The intestinal disaccharidase activity of rats subjected to an experi-
mental Kwashiorkor protein deficiency disease i3 being studied. 1In
comparison with control rats fed a balanced diet and control rats fed

a balanced diet but with total caloric intake matched to the experimental
population, the protein deficient animals demonstrated a total decrease
of disaccharidase activity. However, the activity per unit weight of
nucosal vrotein remains relatively unchanged while total mucosal protein
is reducad. The results indicate that protein deficiency leads to
carbohydrate malaubsorption via a proportional reduction in total mucosal
enzyme content.

d. Microvascular Architectura. The silicone rubber injection
technique is being used to study the development of intestinal vascula-
ture in fetal rabbits. Early results suggests the villus vasculature
develops from a vascular loop extending into the villus. The complex
mucosal vasculature does not develop until very late in gestation. A
paper has been published describing the methods used in these studies.’
A study that used this technique to describe the development of porta-
hepatic shunts in cirrhotic liver disease has alsc heen publiohed.6
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2. Pathogenesis of Gastric Stress Ulcer.

A device has been fabricated which subjects small laboratory animals

to a tumbling type of stress. By adjusting the rotational speed and
duration of the stress it is possible to predictably produce gastric
stress ulcers varying from mild focal erosicns to severe hemorrhagic
lesions. In collaboration with the Division of Biochemistry, selected
systemic responses to stress are being anslyzed. At the present time
the following observations have been documented as accompanying the
stress condition: 1liver glycogen is severely depleted; hypoglycemia is
present; and blood corticosterone and catecholamine levels are increased
during the early phases of stress. The hypoglycemia may be causatively
related to the stress ulcer through vagal activation as suggested by an
observed increase in gastric contractile tone and gastric juice secre~
tion. Future studies will investigate the rezlationship between stress
ulcer development and hypoglvcemia, preventive measures, and nutritional
factors.

Conclusions and Recommendations.

"The studies on gastric stress ulcer disease will be continued to define

The study of the pathophysiology of diarrheal disease in experimental
animal models has yilelded specific information related to changes in
intestinal motor activity and intestinal transport mechanisms. Plans
are currently being deveioped to extend these experimental studies into
clinical studies of related parameters in human diarrheal disease.
Along with the clinical study, animal experimentation will continue to
further define the intestinal changes accompanying diarrheal disease.
These animal studiees will incorporate attemp"s to reverse the patho-
physiological changes that have been defined to date.

contributory or related systemic changes. Any such systemic respons:-s
will be manipulated in an attempt to alleviate or cerrect the gevericy
of the basic condition.
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Project 3A061102B71R RESEARCH IN BIOMEDICAL SCIENCES
Task 02 Internal Medicine
Work Unit 088 Military nursing

Investigators
Principal: = LTC Miriam Ginsberg Rothchild, ANC
Associate: LTC Rosemary T, McCarthy, ANC
MA] Beverly A, K, Glor, ANC
CPT Zane E, Estes, ANC
CPT Jeanne F, Alleman, ANC

Description.

Military nursing is a broad field under which many aspects of nursing prac-
tice in the Army are explored, The overall aim of research under this work
unit is to identify and test principles underlying nursing care and to recognize
differences in military nursing from civilian practice. Eleven studies are re-
ported,

A descriptive study concerned with the clinical manifestations and nursing
care requirements observed in fifty patients with falciparum malaria, in the
Republic of South Vietnam, has been compieted and reported in the open litera-
ture, Since this investigation demonstrated a trend of symptomatology which
might have predictive value in relapse, fifty patients were resurveyed for in-
cidence of relapse,

An experimental study, designed to compare the ability of two fever reduction
techniques to reduce elevated body temperature, was conducted using nine fal-
ciparum malaria patients who demonstrated two or more temperature spikes
greater than 104° F,

Previous studies of reliability of blood pressure readings have shown no sig-
nificant differences between observers when the procedure is controlled and
standardized. A replication of a previous investigation was made using a
broader sample of personnel, including registered nurses, Army medical
technicians, and student nurses.

Another study, using film sequences of actual blood pressure measurements
with electronically synchronized sound was undertaken to determine the valid-
ity of blood pressure readings,

A series of sequential studies centered about nursing aspects of the use of
moist soaks has been initiated. The first part of the series is a questionnaire
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survey of both military and civilian hospital personnel with regard to the var-
ious procedures employed in the application of moist soaks and the principle
member(s) of the medical team making the decision as to which procedure will
be used to carry out the physicians’ order,

A second part of the series is an attempt to assess the respiratory activity of
the skin of guinea pigs following the application of moist soaks of varing tem-
perature and duration,

In an attempt to extend the findings of a previous study on the auto-oxidative
responses of chlorpromazine hydrochloride to solution pH and light, this same
property was similarly tested in two other phenothiazine-derived pharmaceu-
ticals, thioridazine hydrochloride and tri-fluoperazine dihydrochloride.

The metabolic cost of maintaining six resting positions has been measured on
12 patients with chronic diffuse pulmonary lung disease and on six normal sub-
jects; the method has been indirect colorimetry,

A series of small studies related to computer applications of psychiatric nurs-
ing notes has been undertaken to determine a valid and reliable tool to be used

by nursing service personnel, (Reported under WRGH Project No, MEDEC-GP
68-4-7,)

A survey concerned with continuity of care was undertaken in 1961 to ascer-
tain perceptual similarities between health nurses, administrative nurses,
and hospital care nurses,

Twenty-eight graduates and five non-graduates (due to the exigencies of the
Vietnam war) of a ten-month post-baccalaureate course titled Military Nursing
Practice and Research were surveyed to determine career patterns,

Progress.

Survey findings continue to substantiate the hypothesis that relapses in patients
with falciparum malaria may be predicted, Further investigations will be
curtailed until such time as a nurse investigator is stationed in a malaria en-
demic area,

The results of fever reduction investigations have shown that the ice bag tech-
nique (one bag to each groin, axilla, center back, feet, and nape of neck)
elicits a greater reduction in body temperature than does cold packs to the en-
tire body surface, A manuscript is currently in preparation,

The results of observer reliability in blood pressure determinations substan-
tiate the previous findings of no significant differences between observers,
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The findings of the study of validity of blood pressure measurements show

the accuracy of reading, within plus or minus five points, to be over 75% of
the sample, However, there is some, variation between observers according
to age, visual and auditory acuity, and occupational factors. Manuascripts are
in preparation for both of these investigations,

The results from 1147 returned moist soaks questionnaires are summarized
in Table I which shows the range of variation for which any of the procedural
variables must be tested. '

Table II shows that, in practice, the choice of the exact techniques used for
moist soaks is often (over 87%) left to the discretion of nursing personnel,

Preliminary and control studies concerning moist soak effects on skin of
guinea pigs have shown no definitive results, Continued explorations are being
made,

The auto-oxidative responses of two phenothiazine-derived drugs are summar-
ized in Tables IIl and IV, These data show that while thioridazine does oxidize
to a relatively small extent at high light intensities in acid solution, clinically
significant rates are encountered only in neutral or slkaline solution for both
drugs (like chlorpromazine), In all cases, the rate of auto-oxidation varies
directly with pH and light intensity, The importance of these findings to the
clinical nurse lies in the restrictions they impose on the pouring, storage,

and dilution of these compounds in the preservation of their potency. Collec-
tively, these may be stated as the avoidance of both neutral solution in tap
water and exposure to high light intensities, (Alkaline solution has not been
found to result from any of the commonly used diluents), This material is
presently in manuscript, preceding publication,

Metabolic cost measurements of patients and normal subjects have been vari-
able, One group of six patients showed a significant change in oxygen con-
sumption, especially while in the 90° sitting position; neither the second
group of patiente nor the six normals showed this difference, See WRGH Proj-
ect No, MEDEC-GMB 68-7-18, This project is now discontinued,

The continuity of care survey was sent to three groups of Army nurses in the
grades of 0-1 to 0-5. Hospital care nurses returned only 23, 1% of the 299
questionnaires; Army health nurses returned 60% of 90 questionnaires; and
nurse administrators returned 46% of 136 questionnaires for an overall re-
turr: of 35.4%. Analyses of these data were inconclusive, No followup of non-
respondents was done, The principle investigator has retired from military
service and the project is therefore discontinued,
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Of the 33 graduates and non-graduates of the Military Nursing Practice and
Research Course, approximately one-third have been appointed to, are at-
tending, or have completed a graduate program at the master's level, Nine
are assigned as Chief Nurses or in positions of equal or higher responsibility,
An additional six are holding supervisory or equal positions, and three others
have left the service, The course is being suspended for FY 70; however, the
recurring survey will continue for several years,

Summary and Conclusion,

The eleven reported studies are independent and/or interrelated approaches
towards the overall irnvestigation of military nursing, The results of the de-
scriptive study of symptomatology of patients with falciparum malaria and of
fever reduction techniques indicate a need for extension of these studies in a
malaria endemic area, Blood pressure readings have been evaluated for re-
liability and validity demonstrating observer reproducibility in approximately
75% of a large sample, Tissue respiration changes due to application of guinea
pigs have only begun to be explored after a survey of procedures used for soaks
in man, Auto-oxidative response of three tranquilizing drugs has provided
guidelines for ward usage. Metabolic cost of maintaining six fixed bed-rest
positions has not shown any trends, Computer usage in standardizing nurs-
ing note forms is being explored. Survey of graduates from a research
methods course has shown leadership qualities being utilized in all phases of
Army Nurse Corps assignments, These and other projected studies are be-
ginning to build a foundation for nursing practice based on principles evalu-
ated in the laboratory, rather than on tradition, As new explorations are made
and fields more completely explored, a larger body of knowledge can be de-
pended upon for nursing practice,
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CHARACTERISTICS OF THE PROCEDURES EMPLOYED BY MILITARY AND
CIVILIAN MEDICAL PERSONNEL IN THE APPLICATION OF MOIST SOAKS

TABLE 1

rocedural Characteristic

Per Cent
Military

Per Cent
Civilian

Type of Solution
Saline

Water

SSBA
Neomycin
Silver Nitrate
Miscellaneous
Not Stated

[Duration of Soak
Continuous

15 Minutes or Less
20 Minutes

30 Minutes

1 - 2 Hours

Not Stated

Temperature of Solution
Room Temperature
100 Degrees F.

105 Degrees F,

110 Degrees F,
Warm

Hot

Not Stated

Frequency of Application
Continuous
QID
TID
Every 4 Hours
Every 3 Hours
Every 2 Hours
Daily
Not Stated
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THE VERBATIM ORDER FOR MOIST SOAKS AS WRITTEN BY PHYSICIANS

TABLE 11

IN MILITARY AND CIVILIAN HOSPITALS

Per Cent Per Cent
Order Military Civilian
Complete 10,0 17,3
Method Only 5.6 9.1
Method and Solution 26,7 19.1
Method and Frequency 33.3 26.4
Method and Duration 18.9 19.1
Not Stated 5.5 9.1




TABLE I

THIORIDA ZINE HYDROCHLORIDE

PER CENT OXIDIiZED PER HOUR AT INDICATED pH AND LIGHT INTENSITY

Light
mf‘::t“‘y 0 50 2500 4500
pH caadles)
2.0 0 0 1.4 3.7
4.0 0 0 0.9 3.1
6.0 0 0.6 2,0. 2.5
7.0 8.0 | 10.8 13.3 17.6
8.0 16,15 | 17,2 23,7 33,1
10,0 15,9 | 32.3 34,2 43,7
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) TABLE IV
TRIFLUOPERAZINE DIHYDROCHLORIDE .
PER CENT OXIDIZED PER HOUR AT INDICATED pH AND LIGHT INTENSITY :
«..
Light intensity |
(foot candles) 0 50 2500 4500
! : .'
2.0 0 0 0 n
4.0 0 0 0 0 f
6.0 0 0 0 0 o
7.0 4.2 6.6 6.9 8.4 ]
8.0 8.7 9.0 11.7 15.8




Project 3A061102B71R RESEARCH IN HIOMEDICAL SCIENCES
Task 02 Interr.al Medicine
Work Unit 088 Military nursing

Publications,

1, Estes, Zane E,, CPT, ANC, "Chlorpromazine Hydrochloride Auto-
oxidation: Implications for Clinical Practice,” Military Medicine, 134:59-63,
January 1969,

2, Glor, Beverly A, K,, MAJ, ANC, "Falciparum Malaria in Vietnam,"
Quarterly Review, DCNA, 36:7-8, 18-20, December 1968,

3. Glor, Beverly A, K,, MAJ, ANC, "Falciparum Malaris in Vietnam:
Clinical Manifestations and Nursing Care Requirements,” Military Medicine,

4, McCsarthy, Rosemary T., LTC, ANC, "The Metabolic Cest of Maintain-
ing Five Fixed Body Positions,” Nursing Ressarch, 17:539-544, November-
December 1968,
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