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FINAL REPORT
, United States Army Contract No. D/‘\l7-69-:C9089
‘1 February, 1969 to 31 July, 1973

Studics supported over the past four and one half yecrs by Unites States Army

contract number DA 17-69-C9089 have led to 68 publications in besic end clinical investigations
i n shock ond trauma,

‘ The bosic problem in shock and trauma states was approcched by describing the
physiologic patterns in septic shock by sequential cardicrespiratory measurements taken remote from
theropy. We found that there was essentially two different types of septic shock, "pure" un-
complicated sepsis (not associated with trauma, blood loss, etc.) and the complicated septic shock
which frequently follows trauma and hypovolemia. We found that common to both groups was a
normal or high cardicc output (unless limited by hypovolemia or myocardial functional impairment)
ond inodequate oxygen transport. The basic lesson therefore was not low flow, but maldistribution
of flow such cs to result in inadequate oxygen trancport. :

A second major effort was to analyze the thercpeutic approaches to this problem.
Preliminarily, we reviewed the effects of various agents in clinical shock states, but we found that
identification of the phy. iologic defect and cataloging the actions of each availcble theropeutic
agent was useful but not entirely adequofe. because, as it become evident, the values of normal
unstrhessed man were not optimal for the patient in shock. We, therefore, attempted to define the
';optimcl" values for shock patients by description of the physiologic pattern of survivors and non-
survivors. The values of survivors were assumed to be a first approximation to optimal velues ond
therefore, represented the proper physiologic goals of theropy, while the volues of non=survivors
would serve as early warning of impending disaster. We have completed this retrospective study on
98 cases of traumatic shock and plon to develop a prospective ;tudy. We have also analyzed the
data of this study by a nonparametric multivariate anclysis to develop predictors that will classify the

patients os a survivor or nonsurvivor. We have also used the frequency of the positive predictors as a

means to assess the significance of cach of these physiologic changes.
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Cardiovascular alterations in complicated end uncomplicated septic shock

Early in our studies we noted marked differences in hemodynamic ond metobolic
events occurring with time and with various types of sepsis. [t occurred to us that there
were reclly at least two, quite different, types of septic shock: "pure", uncomplicated
sepsis and the more commonly encountered type of sepsis seen in the postoperative potient
with complicctions.

Over a five year period, we accumulated a series of 18 patients with uncomplicated
septic shock; about half of these patients had septic abortions. The hemodynamic pattern
which characterizes the early or "B" stage of uncomplicated septic shock consists of
increosed cardiac output and heart rate, decreased orterial pressure, peripheral resistance,
stroke index, left ventricular stroke work, and cerdiac work as well as relctively normal
venous pressure, mean transit time ond central blood volume. This hemodynamic pattern
permits identification of several possible physiologic mechanisms which are operative in
the development of this syndrome (Ref. 1,2).

Increosed cordiac output in the B, C, end D stages was accompanied by alkalosis
P 2 P Y
ond reduced pCO, values in all of the patients of this uncomplicated septic shock series

(Ref. 1). By contrast, the low caordice output of hemorrhogic shock was frequently essociated
with hypercarbia, acidosis, lectic ocidemio and base deficits. Respiratory alkalosis
reduced cordicc output and hypercerbia increased it, but metcholic foctors other than

H and CO., may clso play a role in the development of the septic hemodynamic patterns.
P o may also play P P y P

Dubois has shown that hyperthermio and increcsed body metcbolism is associcted with

Increosed cordiac output; the latter increased 7% per decree F elevation of body temperature.

However, in most of the present cases, the observed increase in cordiac index wos arecter

thon that which could be accounted for by Dubois' dota. This is interpreted to meon that

the physiologic needs of critically ill patients for blood flow and oxygen may be grecter

thon that predicted from data obtained in hyperthermic men who are otherwise normal.
Pulmonory. venous admixture and respiratory insufficiency as reflected by arterial

desaturation and "shunt" calculations occur in the middle and late stage of septic shock and,

are probably not involved in the genesis of the syndrome. However, these pulmonary

foctors may contribute to the relatively late hemodynamic patterns and they may be
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important mechanisms of death ©s well os stimuli to increcse cordice output; e,
cardioc output may increcse in compensation for reduced pulmonary function.
General supportive mecsures should provide eptimal circulatory function relative
to the particular needs of the patient and not necessarily restoration of normel values.
Thus, in this series upon finding reduced blced volume, bleod flow, cnd oxygen consumption,
vigorous volume thercpy wcs given with whole blood transiusions, plasms, and plasma
expanders. When blood volume, cerdiac cutput, cnd oxygen consumption were found to
be neor normal values, cdditioncl colloids olso were given on the assumption that the
optimal blood volume should be approximately 1 liter grecter than the predicted normol
values and thet odditional blood flow ond oxygen are neeced. Nevertheless, volume
loading was not pressed beyond a central venous pressureXH to 13 centimeters of saline X
solution. |
All but one patient with low cardiac output in the early stcges responded to volume
locding. Almost all of those with normal or high cardiac output also responded by
increased flow to volume loading, isoproterenol, or a combination of both. Occesionally,
in the terminal and preterminal stages, low cardiac output occurred in the presence
of increcsed venous pressures; in those instarices, we frequently resorted to cdministration of
digitalis and sympcthomimetic agents, usually norepinephrine or meterominol. Peripherol
resistonce was usually found to be low, an indication that blocking agents were not requirad.
We did not find significently improved flow cfter the ocdministrction of blécking agents, but
these agents did increase the tolerance tc cdministrction of cdditional fluid (Ref. 1,2).
Five potients in the present series died cs a result of shock; il of these were first seen
in the termina! or preterminal stoge of the shock stete. Another three potients survived
shock but died during their subsequent hospital stoy, primarily of complications cssociated
with subsequent cperative procedures. Ten patients survived ond left the hospital apparently
well and healthy. Thus, the over-all hospital mortality rote wes 44 per cent, and the
mortality rate of the septic shock itself wes 28 per cent. Presumcbly, if the patients seen by us
in the late stoge of shock hed been treated cggressively in the early stoges, the survival rate
may have been improved. Other investigotors hove reported 40 to B0 per cent mortclity
rates; these statistics have remained unchanged even in recent yeors (Ref. 1,2).

Similarly, we studied o series of 57 shock patients who also hed trcuma and blood
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loss. The physiologic alterations were analyzed and compared with those of the
uncomplicated septic shock series.

In the eorly period, hypotension, tachycardia, normal or elevated cardiac output,
normal or reduced periphercl resistance, low stroke volume, low stroke work, low
A-V oxygen difference and low oxygen consumption occurred in both groups. But
patients with complicated sepsis had greater reductions in oxygen consumption in the
early stege and greater increases in the late stage even though they hed lesser degrees of
shock as measured by the hypotension.

The dota suggest that the bulk movement of blood (indicated by the cardiac output)
as well as the functional capacity of the circulatory system to deliver oxygen to the tissues
(indicated by oxygen consumption) rather than the degree of hypotension, is the major
determinant of survival. ~

The rate of oxygen consumption may be considered an essential overall index of the
total body metabolism which reflects the sum of all oxidative metcbolic processes, and,
thus, the general state of body metabolism. As such it may be extremely useful both for
minute-to~minute monitoring of the patient's physiologic status and for evaluation of the
cffectivencss of thercpy. This measurement is advantegecus because oxygen cznnot
be stored, cnd, except within narrow limits, opprecioble oxygen debts cannot be
accumulated for long periods of time. Therefore, the rate of oxygen uptake very nearly
approximates the rote of oxygen transport which approximates the rate of oxygen consumption.

If oxygen consumption is the central factor that regulates the circulation, then this
factor would be expected to be more stable than other hemodynamic and metabolic veriables.
This is because small deviations in the regulating factor would stimulate hemodynamic and
metabolic changes that would tend to return the regulating factor toward normal. Thus,
the compensatory reactions may vary widely in response to lesser changes in the regulating
foctor. However, os deterioration develops, the regulatory mechanism itself moy also be
offected. Oxygen consumption has many of the characteristics of a regulating mechanism;
but if it is not the physiologic regulator, it is probably closely related. Tentatively, we
may treat it as though it were the regulator to develop hypotheses preparatory to more

definitive analysis of circulatory dynamics and its goverrence.
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Although patients with uncomplicated sepsis seen in the early stoges of

septic shock hod an avercge mortality of 22%, but complicated septic shoch patients
hod higher mortalities depending on associated clinical facters such as the
surgicgl.complicctions, fistulce, renal failure, etc. Thus, the body may overcome
greoter degrees of hypotension from sepsis which is not complicated by trauma end
blood loss easier than it can survive lesser degrees of hypotension of the septic shock
whlch follows hard upon trauma and hemorrhage. In essence, the complicated
sephc shock patients had greater distortions of ccrdlorespuotory patterns relative to
the degree of hypotension and this was associated with greater mortality.

Hemodynamic changes in pericardial tamponade from penetrating chest injuries.

We studied o series of 80 patients who hed penetrcting cardiac wounds with
hemopercardium after knife or gunshot wounds and monitored the sequence of
hemodynamic events and the responses to therapy in 13 of these patients (Ref. 5).
This group represents a small subset of cardiogenic shock. The primary hemodynamic
mechanism of tamponcde is generally attributed to increased intrapericardial
pressure and - volume displacement of the chambers of the hecrt; this cecreases the
effective filling pressure of the ventricle and thereby reduces stroke volume. Low
stroke indices, which were observed in 82% of the patients, give rise to several

..compensatory hemodynomic reactions: increased heart rate tends to maintain

- eardiac output in the face of reduced stroke volume; increased central venous

—pressure tends to increase right ventricular filling; and vasoconstriction, reflected by

-increased peripheral resistance, tends to maintoin artericl pressure when cardiac output
folls. The onset of decompensation is suggested by falling central venous pressure
associated with hypotension and low cardiac output. Using an experimental animal
preporation with chronic indwé”ing catheters in the pericardial sac and in various

intravascular sites, sequential cardiovascular measurements were made under

unanesthetized conditions as blood was instilled into the pericardium. Progressive '

decreased in stroke volume ond cardiac output occurred with the anpearance of
physiologic compensations. Cardiac arrest and death occurred os pulmonary arterial=

left atrial pressures opprooched zero; ot this point, forward flow of blood across the
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lesser circulation ccased. Definitive therapy consisted of removal of the hemo-
pericordial fluid or clots. Since a high percentoge of clots were found (65%),
which were associoted with false negative pericardiocentesis (1995), ond since active
bleeding from the lacerated cardiac chambers could not always be ruled out,
surgical intervention usually wes undertaken. Conservative or preoperative therapy,
consisting of pericardiccentesis, volume loading ond isoproterenol infusions, were
shown to improve the cardiovascular status. Volume locding with plasma expanders,
which increased central venous pressure and venous return fo the right hecrt, augmented
the compensatory responses. Isoproterenol, when used judiciously, improved
myocardial contractility and thereby increcsed stroke volume and ccrdiac index.
Pericardiocentesis improved stroke volume and cerdiac index. Each of these were
useful in correcting specific aspects of the disorder during resuscitction as well os in
preporing the patient for operation; each also had distinct limitations (Ref. 5).

Clinical and experimental studies of cardiovascular alterations in ocute cerebrol injury

Systemic hypertension with bradycardia cs well as systemic hypotension,
which is not explicable in terms of volume deficit or sepsis have been recognized in
potients with acute craniocerebral trauma. However, hemodynamic changes in this
type of patient have not been previously reported. Observctions in eight paticnts
with acute cerebral injury revealed hemodynamic patterns ond drug responses which
differ from both the normal subject ond potients with other types of acute injury. In
porticular, we have observed o pattern of ventricular insufficiency “(or failure),
suggested by reduced left ventricular stroke work ot normal and high inflow pressures,

eorly in the time course of cerebral trouma; this was reversed by exogenous catechol

“omine or by isoproterenol administration. The reduced vertricular function waos not

apparent three doys after injury. Absence. of otropine=induced tachycardiac ond
baroreceptor-mediated bredycardia also were observed in patients with acute head
lf;iuries.

' The possibility that some of these changes might be due to decreased cerebral

blood flow prompted the development of an experimental canine preparation in which

cerebral blood pressure could be maintained at levels lower than systemic pressure




over prolonged periods of time. Initial results indicate a progressive

diminution in cardicc output during cerebrol ischemia. Cordiae output may be
increased or further decreosed by restoration of normal cerebral perfusion pressure
ot different points in the time course of cerebral ischemia. Elevations of systemic
pressure during cerebral ischemio with catechol amine preduced a response similar
to that observed in paotients with acute cerebrcl injury; i.e., cbsence of reflexly |
mediated bredycardia (Ref. 9).

' We also observed sequential hemodynamic events in @ group of patients
with head injury throughout their clinical course. Significant hemodynamic changes
in the series cs o whole were low cordiac output and stroke volume during
the ecrly period and return to normal or cbove during the middle and late periods;
these was on initiaktachycordia which decreased during successive stcges. In the
early peried, the patients who did not survive had lower cardiac output, higher
peripheral resistance, lower central blood volume, lower stroke volume and lower
stroke work thon did the survivors. During the middle and late periods, the
nonsurviving patients hed cardiac outputs, stroke volumes ond heart rates similar to
those of the survivors.

These observations suggest that thercpy of patients with head injury

should include sympathomimetic cgents to maintain cordioc output before hypotension

occurs (Ref. 5).

Use of Sequential Cordiorespiratory Verichles as Predictors of Survival, for Definition

©F Thercpeutic Gocels, ond for Ecrly Weming of Death

Cardicrespiratory patterns were described by sequentiol physiologic
_measurements obtained during times remote from therapy in 98 patients before and

1 and C
ond late (stoges D, E ond F) periods were defined by time ond arterial pressure

ofter extensive surgical trouma. Ecorly (stages B and low), middle (stoges C 2)
criterio so that dota could be analyzed ot comperable periods. There were distinct
differences in the cordiorespiratory pctterns of 67 surviving patients as contrasted to the
31 who subsequently died. In the eorly period, the nonsurvivors hed lower cardiac
output, higher mean tronsit time, low stroke work ond stroke volume, higher

pulmonary voscular resistance, reduced oxygen ovailcbility, reduced oxygen
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consumption, acidosis, higher pCOZ' cnd greater reductions in hematocrit and blood
volume os compared with their own controls. Goals of thercpy are not necessarily
to maintuin normal velues, since compensatory reactions (such os tachycardia)
present depcrtures from the nermal. Therefore, theropeutic goals are to cchieve
optimal physiolegical interrelationships which lecd to survival. The cardiorespiratory
pattern of the survivors represents a recsonable first approximction to the optimal
pressure, flow, volume and oxygen transport relationships. Specific physiologic
criteria for theropeutic goals are proposed, based on these data. Furthermore,
specific criteria which may warn of impending diszster are proposed based on the
early cardiorespiratory patterns of patients who subsequently died. Their. presence
suggests that active theropy should be directed toward preducing the physiologic
pattern of the survivors (Ref. 47). :

‘ The data were also analyzed retrospectively by a nonperametric multi-
variate analysis; in this cpproach, the ranges of each availcble cardiorespiratory
varicble ct each stage of 67 survivors were compared with those of 31 patients who
died. A high percentage of patients who died in shock were classified in the early and
lote period, and a high percentage of surviving patients were classified in the late stoge:
94% of the survivors and 89% of the entire series were identified by one or more
positive variables, while 87% and 80%, respectively, were classified by two or
more variables. Those varicbles which were most useful as predictors in the
eorly period, were, in order of frequency: oxygen availability, pCOz, pulmonary

vascular resistance, pH, oxygen consumption and extraction ratic, hemsglebin,

right ond left stroke work and cardiac work, and pulmonary arterial pressure. Pulmonary

hemodynamic changes were most commonly affected in the early period of non-
survivors (Ref.éé).

. As a first approximation to evaluation of the frequency of the mechanisms
involved, the cardiorespiratory variables were grouped according to their most
likely underlying physiologic problem. In the early period, the most frequently
positive variables were, in order of frequency, acid-bese and oxygen transport
problems, neurohumeral influences (including both systemic and pulmonary vescular
resistance), cardiac factors and blood volume=-related vcriablqs. It is concluded thot
this type of approach may help to elucidate underlying physiologic mechanisms

ond thot prospective studies may lead to development of more precisely defined

physiologic criteria for theropy (Ref. (L),
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Experimental end Clinical Studies on Pulmonary Hemodynamics ond Luna Function

. in Shock States

Death from pulmonary fcilure in clinical shock is lergely due to alterations in

pulmonary venous admisture with ventilction=perfusion (V/Q) cbnormalities which cre

reloted to very ecrly increcses in pulmonary vasculer resistence; the latter was found to
be an important early predictor of survival.

Sequential hemodynemic, oxygen transport and pulmonary venous edmixture measure-
ments were performed in experimental animals as well as in shock patients remote
from therapy.  In surviving patients, the early physiologic response consisted of
hypotention, increcsed PVR, normal artericl pH, ond nermal central blood volume.
There wes an increcsed cardice output with normovolemia and usually decrecsed cardiac
output in the presence of hypovolemia. During the ecrly period of shock, the
nonsurvivors hed lower cardiae output, higher central blood volume, higher PVR,
greater acidosis, end lower oxygen consumption.

Increcsed PVR occurred ecrly, often before development of moximol hypotension and

- dow cardiac output in both clinical and experimental conditions. The megnitude of the

PVR increase was roughly related to the extent of the troumo and hemorrhoge; the

“increcse was significently greater in nonsurvivors. The increased PVR was associcted

with acidosis during hypovelemia, increcsed central blood volume after volume deficits

were restored, and with the subsequent oppearence of pulmonary shunting (Ref. 66).

Pulmonory hemodynamics, respiratory function, and the distribution of pulmonary
blood flow wes studied in seven unanesthetized dogs, without previous thoracctomy,

using a previously described protocol of hemorrhage designed to stimulate zlinicol
shock. A method wos first devised to measure the distribution of pulmonary blood flow

serially in unonesthetized dogs using 5 different redicactive isotope labelled microspheres
(Ref. 15). The lobelled microspheres were injected sequentially in a control period,
imme.adime ly ofter hemorrhage, ot various stages after hemorrhage and retransfusion to
evaoluate the blood flow to six vertical segments of lung (Ref.:5). Pulmonary blood

flow was evenly distributed in the control period. Following hemorrhage, there was a

NP .



decrease in pulmonary artery and left otrial pressure with an Increase in blood flow to

the dependent arcas relative to the upper areas.  This was associated with decreased

pC02 volues and increosed in pO,, min(L;)feAv?lume, respiratory rate, pulmonary dead
space, and pulmonary vascular rcsistcncc,\/\fhcrc was a marked base deficit but only

a small decrease in pH due to compensating respirctory alkalosis. By the end of the
hypovolemic period, there was a redistribution of blocd flow upwards against the
hydrostatic pressure: this became more pronounced after reinfusion of the shed blood.
After reinfusion, a slightly increased pulmoncry shunt occurred which did not contribute
significontly to the increased cardiac output. The pH fall seen was due to the reversal
of hyperventilation and an increase in PCOZ. Pulmonary vascular resistance remained
elevated after the pH returned to normal. Metabolic acidosis was cleared very slowly
despite the return to normal. Metabolic acidosis was cleared very slowly despite

the return of cardiac output and an increase in oxygen consumption. These findings
s-uggcsf that subtle alterations in pulmonary hemodynamics and blocd flow distribution
ofter hemorrhage occur prior to the development of arterial oxygen desaturation. Thesa
changes in pulmonary flow distribution initially may be compensations for structurcl
altefations of pulmonary cepillary beds and they mey in part be preduced by neurchumeral
mechanisms having protective value.

In order to elucidate regulatory mechanisms underlying the pulmonary hemodynamic

“response, we studied sequential changes in PVR prolonged hemorrhegic shock in 18

conscious dogs (Ref. 65). In eight, the mixed venous pH wecs maintained within normal

ronge by infusing sodium biearbonate; in ten control dogs the pHv was not treated.

Severe metabolic acidosis in the untreated group was associated with on avercge increcse

in PVR of about 300‘pcrcenf. But when the pHv wos controlled, the PVR wos increosed

only about 100 percent. Forth percent of the untreated dogs were found to have cpprecioble
gross lung pathology; these dogs previously had marked end persistently increcsed PVR
during the antecedent hypovolemic shock stage and subsequently increased pulmonary
venous admixture in the postshock period. By controst, none of the treoted dogs

had opprecicble amounts of increased pulmonary venous admixture or opprecicble amounts
of gross lung pathology. It wes concluded thot severe metcbolic ecidosis is responsible

for the major part of the increased PVR and that prolonged increcses in PVR during
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hypovolemic shock period is associoted with the development of shock lung during the
postshock period (Ref. 17, 65).

These data indicate that trauma, hemorrhage ond other forms of stress produce
pulmoncry vesoconsiriction from neural influences; initially at least, this is a compensatory
mechcnism which tends to redistribute blood flow upward. However, the increased PVR
may be exaggercted by metabolic, hormonal, and rheological factors. The persistence of
o high PVR lecds to the backup of blood benind the lesser circulation and uneven blood
flow in the microcirculation. Thus, ventilation-perfusion cbnormelities ore produced by
maldistributions of regional or zonal pulmonary blocd flow as well s maldistributions of
flow at the microcirculatory level (Ref. 66).

The observed patterns of these variables have therapeutic implications. An emphosis
on improved ventilatory function is oppropriate but limited because the perfusion half of
the V./é equation is also of major importance. Increcsed blood flow end reduced PVR
moy be accomplished by: 1) correction of acidosis; 2) volume locding with plasms
exponders such os clbumin, dextren-40 ond blocd; end with 3) high-doses of steriods;
ond 4) inotropic ogents (Ref. é6). ,

We hove evaluated the effects of various agents on PVR in over 200 instances
in patients with postoperative and posttraumatic shock. After two to six control PVR
measurements, an infusion of an agent is mede and PVR measurements repeated at frequent

intervals during ond after infusion. We observed pronounced reductions in PVR following

‘infusions of methylprednisolone (30 mg/kg over a 5 to 10 minute period) and of 500 ml

of a volume expander over a 60-minute period. There were no significent chonges following

infusions of scline or Ringer's lactate solution. The mean PVR responses to the various

ogents are summarized in Table 1,

Table 1
EFFECTS OF VARIOUS AGENTS ON PERIPHERAL VASCULAR RESISTANCE (PVR)

Meon values in dyne* sec2/cm5- M2i standard error

Control During Infusion After Infusion
Whole 8lood 344+23 32+24 313+20*
Albumin 285+27 251425 241+26*
Dextran-40 290+25 258+26* 237+427*
" Saline/Ringers Lactate 329445 314;26* 339232
Methylprednisolone 354438 247+41+

*Statistically significant ot the 5% level of confidence using the t test for paired
distributions.
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Sympathomimetic agents (i.e., norepinephrine, metaraniinol), excess sodium,
overhydration, and dishydration should be avoided in the presence of increased
PVR. Vigorous programs for changing position~turning the patient from side~to~side
every two hours, as well os more extreme changes in position~may ciso be indicated

to improve perfusion as well as posturdf drainage (Ref. 66).

The relevence of nutritional oroblems in acute post=-traumatic stctes: the effects of

hypertonic glucose and gluccgon in theropy of shock

To test the hypothesis that inadequate anergy substrates may be important to
nutritioncl and metabolic failure in critically ill patients, we measured hemodynamic
ond oxygen trensport effects of glucose, 1 gram/kg body weight, given intravenously

over a 30 minute period in a series of acutely ill patients. The responses of patients

" who had been maintained on the standard clinical fluid regimen of 5% glucose were

compared with thos~ given 2000 calories per day by intravenous cdministration of
hypertonic glucose. The glucose load produced a merked improvement in hemodynamic
ond oxygen trensport varicbles in the patient group maintained on 5% glucose; patients
who:cc!oric needs were maintained with 50% glucose did not show significant changes.
The findings suggest thet insufficient nutrition may centribuie to ccrdiorespirofor}'

deterioration in the acutely ill petient and that these physiologic vericbles ore improved

by edministration of adequate energy substrates in the form of hypertoniz glucose (Ref. 57).

The effect of gluccgon on hemodynamic end oxygen transport was studied in 11
severely stressed post~troumectic patients. When these responses were evalucted in relat’on
to the patients prior intravencus thercpy, those patienis who had received increosed
metcboli.c substrate (509 glucose) had greater and more consistent responses to glucogon
infusion. This indicates exogenous glucose supplies the metobolic substrates necessary for
the inotropic effect of glucaogon. It is also suggested that the véricbil?ry in response
observed clinically with this hormone may be related to the carbohydrate availability.
Since critically ill patients are frequently undernourished or depleted by the traumatic
episode, the theropeutic use of glucagon should be accompanied by adequate caloric intake
(Ref. 58).

QOur experience in providing adequate intravenous feeding during the past decode, which

emphasized nutritional aspects of ocute critically ill and shock patients, was recently reviewed

in a basic science publication (Ref. 65).




10.

1.

12.

13.

Publicatiom supported by U.S. Army Controct No. DA-(-9089

Shoemaker, W.C., Mohr, P.A., Printen, K.J., Broun, R.S., Amato, J.J.,
Carey, J.S., Youssef, S., Reinhard, J., Kim, Sl.l. and Kark, A.E.:
Treatment of uncomplicated septic shock: Use of sequential physiologic
measurements as guides to therapy. Surg. Gynec. Qu:tet,131; 245, 1970,

Shoemaker, W.C. and Mchr, P.A.: Sequential cardiorespiratory alterations
in uncomplicated septic shock and their possible physiologic mechanisms.
In: Septic Shock in Man. Hersnhey, S. Editor, Boston, Little, Brown and
Co., 1971.

Shoemaker, W.C.: Cardiorespiratory patterns of complicated and
uncomplicated septic shock. Ann. Surg. 174:119, 1971.

Matsuda, T., Taube, R.R., Dern, R.J., Elwyn, D.H., Baker, R.J. and
Shoemaker, W.C.: Red cell survival of L2 day ACD-adenine preserved
blood after- transfusion into traumatized patients. J. Lab. Clin. Med.

74:42, 1969.

Shoemaker, W.C., Cargey, J.S., Yao, S.T., Mohr, P.A., Amato, J.J.,
Printen, K.J., Monson, D.0. and Youssef, S.: Hemodynamic studies during
acute cardiac tamponade after penetrating irjuries of the heart. Surg.

67:754, 1970.

Taube, R.R., Matsuda, T. and Shoemaker, W.C.: Changes in red cell mass
after trauma measured by double red cell lable technique. Ann. Surg.

174:61, 1971.

Shoemaker, W.C., Carey, J.S., Yao, S.T., Amato, J.J. and Printen, K.J.:
Hemodynamic alterations in acute cardiac tamponade after penetrating
injuries of the heart. Surgery, 67:754, 1970.

) Kim, S.l. and Shoemaker, W.C.: Comparison of cardiorespiratory changes
in surviving and nonsurviving shock dogs. Arch. Surg. 100:275, 13870.

Brown, R.S., Mohr, P.A. and Shoemaker, W.C.: Effect of cerebral
hypotensicn and trauma on the neural regulation of the cardiovascular
system: Experimental and clinical studies. Surg. Gynec. Obst. 131:651, 1371.

Shoemaker, W.C., Lim, L., Boyd, D.R., Corley, R., Reinhard, J.M.,
Dreiling, D.A. and Kark, A.E.: Sequential hemodynamic events after
trauma to the unanesthetized patient. Surg. Gynec. Obst. 132:651, 1971.

Shoemaker, W.C., Boyd, D.R., Kim, S.l., Brown, R.S., Dreiling, D.A. and
Kark, A.E.: Sequential oxygen transport and acid-base changes after
trauma to the unanesthetized patient. Surg. Gynec. Obstet. 132:1033,

1971.

Shoemaker, W.C.: Hemodynamic Metabolic and Microcirculatroy changes in
liver after hemorrhage. In ''Les Solutes de Substitution Paris, Libraire
Arnette, 1971. .

-

Bassin, R., Vladeck, B.C., Kark, A.E. and Shoemaker, W.C.: Rapid and
slow hemorrhage in Man: |, Sequential hemodynamic responses. Ann.
Surg. 173:325, 1971.




e —

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Vladeck, B., Bassin, R., Kark, A.E. and Shoemaker, W.C.: Rapid and slow
hemorrhage in Man, |1, Sequential acid-base and oxygun transport
responses.  Ann. Surg. 173:331, 1971.

Tiefenbrun, J., Movsas, S., Kark, A.E. and Shoemaker, W.C.: Distribution
of pulmonary blood flow measured with radioactive labeled microspheres.
J. Surg. Res., 12:41, 1972.

Kukral, J. and Shoemaker, W.C.: Mectabolic Sequelae of burn trauma.
Surg. Clin. N. Am. 50:1211, 1970.

Tiefenbrun, J. and Shoemaker, W.C.: Sequential changes in pulmonary
blocd flow distribution in hemorrhagic shock. Ann. Surg. 174:727, 1971.

Shoemaker, W.C. and Brown, R.S.: The dilemma of vasopressors and
vasodilators in the therapy of shock. Surg. Gynec. Obstet. 132:51, 1971.

Kim, S.l. and Shoemaker, W.C.: Deveicpment of Cardiorespiratory
functional changes after operative and accidental trauma. Surg. Gynec.
Obstet. 133:617, 1971.

Kim, S.l. and Shoemaker, W.C.: Hemodynamic effects of an isocquinoline
derivative in the treatment of shock. J. Surg. Res. 11:380:1971.

Corley, R.D. and Shoemaker, W.C.: Traumatic injuries of the duodenum;
a report of 98 cases. Ann. Surg. In Press.

Bassin, R., Vladeck, B.C., Kim, S.!. and Shoemaker, W.C.: Comparison of
hemodynamic responses of two experimental shocN nodels wnth clinical
hemorrhage. Surgery, 69:722, 1971.

Shoemaker, W.C.: Physiologic basis of therapy of various shock states.
Royal College of Physicians and Surgeons, Glasgow, In conference on

- Shock Ledingham, |. Ed. London, Butterworth, 1973.

Shoemaker, W.C.: Sequéntial patterns in various etiologies of shock.
Surg. Gynec. Obstet. 132:411, 1971.

Shoemaker, W.C.: Verlaufsheobachtungendes kardiorespiratoris chen
Systems und Blutvolumens bei verschiedenem Shockformen. In Shock:
Stoffwechselveranderungen und Therapie, Zimmermann, W.E. and Staib, I.,
Eds. F. K. Schattauer Verlag, Stuttgart, 13970, p. 11-31. :

Shoemaker, W.C. and Brendel, W. Unb eantwortete fragen der Hemodynamik in
shock. In Shock: Stoffwechselveranderungen und Therapie, Zimmermann,
W.E. and Staib, |., Eds. F. K. Schattauer Verlag, Stuttgard, 1970, 0. 83-85.

Shoemaker, W.C. and Monson, D.0.: Effects of whole blood and plasma
expanders and volume-flow relationships with a method for frequent
serial measurements of plasma volume, Surg. Gynec. Obstet. 137:453, 1973.

Matsuda, T. and Shoemaker, W.C. Effectiveness of Transfusions in
Postoperative patients as measured by 24 hour rcd cell surV|val Ann.

Surg. 175:577, 1972.

I




23.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

ko.

n.

Brown, R.S., and Shoemaker, W.C.: Scquential hemodynamic chanqges in
patients with head injury; evidence for an early hewodynamic cf fect.
Ann. Surg. 177:187, 1973.

Shoemaker, W.C., Vladeck, B.C., Bassin, R., Printen, K., Brown, R.S.,
Amato, J.J, Reinhardt, J.M., McDennell, E.P. and Kark, A.E.: Burn
Pathophysiology in Man, 1. Sequential hemodynamic alterations. J.
Surg. Res. 14:64, 1973.

Vladeck, B.C., Bassin, R., Kim, S.1. and Shoemaker, W.C.: Burn
pathophysiology in Man: 11, Sequential oxygen transport and acid base
alterations. J. Surg. Res. 14:74, 1973.

Shocmékcr, W.C.: Use of cardiorespiratory measurements to evaluate
therapy and the use of therapy to evaluate pathophysiology. Ann.
Chir. Gynec. Fenn. 60:18C, 1971.

Kim, S.1., Winnie, A.P., Collins, V.J. and Shoemaker, W.C.: Hemodynamic
responses to doxapram in sheck. Anesth. and Anal. 50:705, 1971.

Shoemaker, W.C.: Use of cardiorespiratory pattern in surviving and
nonsurviving postoperative patients as criteria for therapeutic goals
and early warning. Surg. Gynec. Obstet. 134:810, 1972.

Vladeck, B.C., R., Slater, C.l., Shoemaker, W.C.: Oxygen availability to
various organs during hemorrhagic shock. In: Oxygen Supply: Theoretical
and Practical Aspects of Oxygen Supply and Microcirculation of Tissue.
Kessler, M., et al, Eds. Munchen, Urbam and Schwartzbenberg, 1973, p. 24l.

Tiefenbrun, J., Finkelstein, S. and Shoemaker, W.C.: Glucose Homeostasis
In the postcperative state. In: Neurohumeral and Metabolic aspects cf
Injury. Kovack, A.G.B., Stoner, H.B. and Spitzer, J.J., New York, New
York, Plenum Publ. Corp. 1973, p. 209.

Brown, R.S. and Shoemaker, W.C.: The use of sympathomimetic amines in
the treatment of cardiogeriic shock. Textbook on coronary care. Meltzer,
L.E. and Dunning, A.J. Eds. Excerpta Medica, Amsterdem, 1972, p. 553.

Shoemaker, W.C., Stahr, L.J., Kim, S.1. and Elwyn, D.H.: Sequential
circulatory and metabolic changes in the liver and whole body during
hemorrhzgic shock. In Neurohumeral and Metabolic Aspects of Injury.
Kovack, A.G.B., Stoner, H.B. and Spitzer, J.J., New York, New York,

Plenum Publication Corporation, 1973, p. 209.

Slater, G.l., Vladeck, B.C., Bassin, R., Kark, A. and Shcemaker, W.C.,
Sequential changes in hepatic blood flow during hemorrhagic shock. Am.
J. Physiol. 223:1428, 1972.

Kim, S.1. and Shoemaker, W.C., Role of the acidosis in the development
of increased pulmonary vascular resistance and shock lung in experimental
hemorrhagic shock. Surgery 73:723, 1973.

Drucker, M., Pindyck, F., Brown, R.S., Kim, S.l., Kark, A.E., and_
Shoemaker, W.C.: The enhancement of the hemodynamic response of glucagon
following parenteral hypertonic glucose administration. Surg. Forum,

23:58, 1972.

A e - . L T I e e e - —

e LY Py S - - —ee— - - -

B e vy




L2,

L3,
Ly,

ks.
6.

47.
48.
hg.
50.
51.
52.

53.

Sh.

55.

56.

Back, S.M., Brown, R.S. and Shoemaker, W.C.: Early Prediction of Acute
Renal Failure With Free Water Clearance.  Surg. Forum 23:79, 1972.

Back, S.M., Brown, R.S., and Shoemaker, W.C.: Early prediction of acute
renal failure and recovery. 1. Sequential measurements of free water
clearance. Ann. Surg. 177:187, 1973.

Baek, S.M., Brown, R.S., Kark, A.E. and Shoemaker, W.C.: Early prediction
of acute renal failure and recovery: |l. Renal functional responses to
furosemide. Ann. Surg. 178:605-608, 1973.

Yao, S.T., Vaneck, R.M., Corley, R.D., Stuteville, 0.H., Shoemaker, W.C.:
Gunshat woulds of the face. J. Trauma 12:523, 1972.

Shoemaker, W.C.: Priorities of resuscitation and subsequent therapy
after trauma. HNew York State J. Med. 72:1948, 1972.

Shoemaker, W.C., Smith, E.M., Kaplan, E., and Elwyn, D.H.: Physiologic
patterns in surviving and nonsurviving shock patients. Arch. Surg. 106:

630, 1973.

Shoemaker, W.C.: Cardiorespiratory patterns in clinical shock as
physiologic criteria for therapy and early warning death, Advances
in automatic analyses. Technicon, Internaticnal Congress, 2:15-22,
Terrytown, New York, Mediad, Inc., 1973.

Baek, S.M., Brown, R.S. and Shoemaker, W.C.: Cardiac Tamponade
following wound tract injection. J. Trauma 13:85, 1973.

Shoemaker, W.C., Bryan-Brown, C.W., Quigley, L., Stahr, L., Elwyn, D.H.,
and Kark, A.E.: Body fluid shifts in depletion and post-stress states
and their correction with adequate nutrition. Surg. Gynec. Obstet.
136:371, 1973. )

Shoemaker, W.C.: Early. prediction of death and survival by non-parametric
analysis of cardiocespiratery variables in postoperative patients with

circulatory shock. Crit. Care Med., In Press.

Bryan-Brown, C.W., Baek, S.M., Makabali, G. and Shoemaker, W.C.: Consumable

" Osygen: Availability of Oxygen in Relation to Oxyhemoglobin Dissociation.

Crit. Care Med. 1:17, 1973.

Shoemaker, W.C.: The Multiple Trauma Victum. (Editorial) Crit. Care
Med. 1:157, 1973.

Bryan-Brown, C.W., Savitz, M.H., Elwyn, D.H. and Shoemaker, W.C.: Cerebral
Edema Unresponsive to Conventional Therapy in Neurosurgical Patients
with Unsuspected Nutritional Failure. Crit. Care Med. 1:125-123, 1973.

Back, S.M., Makabali, G., Bryan-Brcwn, C.W., Kusek, J. and Shoemaker, W.C.:
Inadequacy of High Central Venous Pressure as a Guide to Volume Therapy.
Surg. Forum. 2L: , 1973.

Baek, S.M., Makabali, G., Bryan-Brown, C.W., Kusek, J. and Shoemaker, W.C,:
Plasma expansion in surgical patients with high central venous pressure.
Surg., In Press




58.

59.

60.
61.
62.

63.

o4,
65.

66.

67.

68.

Pindyck, F., Drucker, M.R., Brown, R.5. and Shoemaker, W.C.: Effect of
Hypertonic Glucose on Cardiorespiratory Variables in the Critica=ly 111
Patient. Surgery, 75:11-19, 1974.

Drucker, M.R., Pindyck, F., Brown, R.S., Elwyn, D.H. and Shoemaker, V.C.:
The Interaction of Glucagon and Glucose on Cardiorespiratory Variables
in the Critically 11) Patient. Surgery, 75:487, 1974.

Slater, G., Vladeck, B.C., Bassin, R. and Shoemaker, W.C.: Sequential
Measurements of the Distribution of Cerebral Blood Floa in Experimental
Hemorrhagic Shock. Ann. Surg. In Press.

Shoemaker, W.C. and Reinhard, J.M.: Tissue Perfusion Defects in Shock
and Trauma States. Surg. Gynec. Obstet. 137:9820-986, 1973.

Broun, R.S., Kim, S.l. and Shoemaker, W.C.: Hemodynamic Mechanisms in
the Development of Pulmonary Venous Admixture. J. Surg. Res., In Press.

Shoemaker, W.C.: Pathophysiologic basis of therapy for shock and trauma
syndromes. Seminars in Drug Therapy, 3:219-229, 1973.

Shoemaker, W.C. and Bryan-Brown, C.W.: Resuscitation and immediate care
of the critically ill and injured patient. Seminars in Drug Therapy,

3:243-268, 1973.

Bryan-Brown, C.W. and Shcemaker, W.C.: Acute respiratory failure after
trauma and surgery. Seminars in Drug Therapy. 3:269-288, 1973.

Shoemaker, W.C., Bryan-Brown, C.W. and Elwyn, D.H.: Therapy of
Nutritional Failure. Seminars in Drug Treatment 3:302-313, 1973.

Shoemaker, W.C., Elwyn, D.H., Levin, H. and Rosen, H.L.: Use of
Nonparametric Analysis of Cardiorespiratory Variables as Early Predictors

_ of Death and Survival in Postoperative Patients. J. Surg. Res., In Press.

Shoemaker, W.C.: Pattern of Pulmonary Hemodynamic and Functional Changes
in Shock. Crit. Care Med. 2:2399, 1974.

Tiefenbrun, J. and Shoemaker, W.C., The Relation of the Distributicn of
Pulmonary Blood Flow to Lunyfunction During Hemorrhagic Shock. Surg.
Gynec. Obstet. 138:557, 1974.




4 copies

12 copies

1 copy

1 copy

-

DISTRIBUTION LIST

HODA (SGRD-AJ)
Washington DC 20314

Defense Documentation Center (DDC)
ATTN: DDC-TCA

Cameron Station

Alexandria, Virginia 22314

Superintendent

Academy of Health Sciences, US Army
ATTN: AHS-COM

Fort Sam Houston, Texas 78234

Dean

School of Medicine

Uniformed Services University of the
Health Sciences

Office of the Secretary of Defense
6917 Arlington Road

Bethesda, Maryland 20014

s e e




