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~, Physiolo~ v; patterns of over 20 precisely defined etiologic types of shock
were described y over 11 ,000 sets of sequential cardiorespiratory measure-
ments ; each set consisted of up to 35 primary and derived varLables . In
order to describe the natural histories of each shock syndrome
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S E C U R I T Y  C L A S S I F I C A  n O N  OF T NIS  PAGE(WPi .v~ Dale Enfer.d)

20 . Abstract  (continued)

~cf t ( ; c ’ . ,e -hock ‘~ynJromoi; was decreased O~ consumpt ion (VCY2 ) in the early
V t iypotensive period; thj s often occurred before the pat ient was recognized

to be in shock . Thus , t h~ lesion in shock is not just Io~ flow , but more

often , as in ‘~ep’ic and t raumatic shock , it is uneven flow; i.e., maldistr ib—
uted flow with inadequate tissue oxygenation manifest by reduced V02.

Secondly, w~~h ~~~ data base , we showed distinct differencesLin the ‘ (

physiologic patterns of survivors and nonsurvivors of life—threatening trauma
despi’ e a wide varie~’j of traumatic disorders. , ,  -

Th~rdly, we developed a met hod Lfor prediction of survival after l i fe—
threatening trauma and surgical operat ions. ~ This predictor , which is
derived from all available monitored data , was hi ghly statistically signif—
i -an ’ even in the early stages before the patient was recognized to be in
shook . It is also used as an index of severity to qjantif~’ progressive
changes produced in time and/or therapeut ic interventions.

Fourthly, when each therapeutic intervent ion was made one—at—a— time ,
sin~j le t i l e , with cardiorespirat.ory measurements before , during, and
a f t e r  each therapy, it is possible to: (a) evaluate quantitatively the relative
efficacy of various therapeutic agenis , (b’t characterize more completely
the precise indications and contraindicat ions for each of the common
therapies by physiologic criter ’ia relat ive to survival , (c define opt imal
goal s of therapy in physiologic terms as these may be quite different from
the normal values of unstressed sub jects , (d) develop an automatic system
for titration of therapy to predetermined physiologic goal s as a means of
reducing mortality and morbidity . W ith the improvements in the L;t a I e  of

the Art of data acquisition systems (~~wafl—~ ~mn, ’ thermodilution cardiac
out puts) and with present commerc ially available monitoring systems ,
these goal s can be accomplished for use at the bedside .
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F I NAL F~EPO~T

U,ited States Army Contract No. DA17-69-C9089

1 February, 1969 to 31 July, 1973

Studies supported over the past four and one half years by U’iiies States Army

contract number DA 17—69-C9089 have led to 68 publication; in basic and clinical investi gat ions

I n shock and trauma .

The bas ic problem in shock and trauma states was approached by describing the

physiologic patterns in septic shock by sequentia l cardioresp iratory measurements taken remote from

therapy . We found that there was essentiall y two differe nt types of septic shock, “pure ” un-

complicated sepsis (not assoc iated with trauma, blood loss, etc .) and the comp licated septic shock

which frequentl y follows trauma and hypovolemo . We found that common to both groups was a

normal or high cardiac output (unless limited by hypovolemia or myocordiol functional impairment)

and inadequate oxygen transport . The basic lesson therefore was not low flow, but moldistnibution

of flow such as to result in inadequate oxygen transport.

A second major effort was to analyze the therapeutic approaches to this problem.

Prel iminarily, we reviewed the effects of various agents in clinical shock states , but we found that

Identification of the phy..Tolog ic defect and catalog ing the actions of each available therapeutic

agent was useful but not entirely adequate because, as t become evident, the va lues of normal

unstressed man were not optimal for the patient in shock. We, thereFore , attemp ted to define the

‘optimal” values for shock pat ients by descript ion of the physiologic pattern of survivors onid non—

survivors . The values of survivors were assumed to be a firs t approximation to optimal values and

therefore, represented the proper physiologic goals of therapy, while the values of non—survivors

would serve os early warning of’ impending disaster. We have comp leted this retrospective stud y on

98 cases of traumatic shock and plan to develop a prospective study. We have arso analyzed the

data of this study by a nonparornetr ic multivar iate analysis to develop predictors that will class if y the

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

means to assess the sign;ficancc of each of these phys iologic changes.
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COR .iOvO.C J lOr (it t P r U ~ ;nn in COr ~~~~! ;catud cnd unrorr pt ic~ t r ’ L si~ pt ic s t inc~
Earl y ri our studies we noted mar ked dillerences in hemodynomic rind metobnt ic

events Occurr ino w ith time arid w t h  various types of sepsis. It occurred to us that there

were rea lt y of te os t two , quite dUferent , types of septic shock : “pure ” , uncomp~kateci

se psis orid the more commonl y encountered type of Seps is seen in the postoperat ve patient

with comp l icat i ons.

Over a five year period , we accumu lated a series oF 18 pat ients w ith uncomplicated

septic shock ; about half of these patients hod sep t ic abortions. The hemodynamic pattern

wMch characterizes the earl y or “B” stoge of uncom pflcoted se ptic shock Cons ists of

Increased cardiac output and heart rate , decreased arterial pressure , peri pheral res istance ,

stroke ndex, left ventricular stroke work, and cordiac work as well as relative ly norma l

venous pressure , mean tronsit time and central blood volume . This hemodynamic pattern

permits identification of several possible physiolog ic mechanisms which are operative in

the development of this syndrome (Ref. 1,2).

Increose d cardiac output in the B, C2 and D stages was accompanied by olkalosis
ond reduced pCO2 va lues ri all of the patients of this uncomp licated septic shock Series
(Ref. 1). By contrast , the tow cordicc output of hemorrhag ic shock was frequentl y associate d

wDh hypercarbio, acidosis , loctic ocidemio and base def icUs . Resp iratory c ikalosis

reduced cardiac output and hypt~rccrb ia increased D, but metabo lic factors other than

pH and CO2 may a lso ploy a rote in the development of the Septic hemodyncmic patterns .

Duboh ho~ shown that hypert hermio and increosed body meta bolism is associated wDh

Increased cordiac output ; the latter increased 7% per degree F elevation of body temperature .

However , in most of the present cases , the observed increase in cordioc index was oreater

• than that which could be accounted for by Dubois’ data. This is interpreted to mean that

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

than that predicted from data obta ined in hypert hermic men who ore otherwise normal.

Pulmonary venous admixture and resp iratory insufficiency as reflected by arteria l

desoturatkn and “shunt ” calculations occur in the middle and ta le stage of septic shock end,
ore probably not involved in the genesis of the syndrome . However, these pulmonary

factor s may contribute to the relatively late hemodynomic patterns and they may be -

:
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important rnechcnUrns of death as we l l o~ ~t UnuIi to increose cardiac output; i.e .,

card ac out put may increc~e in compensation for reduced pulmonary function.

General support ive measures should piovide opt imal circulatory function relative

to the particular needs of tk~ patient and not necessaril y restorat ion of normcl values.

Thus, in th is ser ies upon finding reduced blcc4 volume , blood f low , and oxygen consumpt ion ,

v cjorous volume thera py wcs given with whole blocd trar~sfusions , plasms, and plasma

expanders. When blood vo lume , car diac output , and oxygen cor.sompt on were found to

be near normal values , odditional collo d~ also were g vcn on the assum ption that the

optimal blood volume should be approximatel y 1 liter greater than the predicted normal

values and that additional blood flow and oxygen ore neerded. Nevertheless , volume

loading was not pressed beyond a central venous pressure~~2 to 13 centimeters of sol ne

solut ion. 
-

All but one patient w ith low cardiac output in the early stages responded to volume

loading. Almost all of those with normal or high cardiac output also resDonded by

increased flow to volume loading, isoproterenol, or a comb ination of both. Occasionally,

in the terminal and preterminal stages , low cardiac out put occurred in the presence

of increased venous pressures; in those instances , we frequent ly resorted to cdministrat ion of

digitalis and sympathomimetic agents , usually norep ine phrine or metcrcnuinol . Peripheral

iesistonce was usually found to be low, cn indication that blocking agents. were not required.

We did not find s gniflcantly improved flaw after the administration of blocking agents, but

these agents did increase the tolerance to administrct ,n of additional fluid (ReF. 1,2).

Five patients in the present series died as a result of shock; oil of these were first seen

in the terminal or preterminal stage of the shock stc te. Another three patients survived

shock but died durhig their subsequent hospita l stay, primarily of complications associated

with subsequent operative procedures. Ten paflents survived and left the hospital apparently

well and healthy. Thus, the over—all hospital mortality rate wc.s 44 per cent , and the

m ortal ity rate of the septic shock itself was 28 per cent. Presurncbly, if the potients seen

In the late stage of shock had been treated oggressive ly in t he ear ly stages , the survival rote

may have been improved. Other inve Sti gators have reported 40 to 80 per cent mortality

fates; these stat istics have remained unchanged even in recent years (Ref. ‘1,2).

Similarly, we studied a series of 57 shock patients who also had trcuma and blood

-.. - •- 
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loss . The phys iolog ic alterations were analyzed and compared with those of the

uncomp licated septic shock series.

In the carl y period , hypotension , tachycordic , normal or elevated card iac out put ,

normal or reduced peri pheral res istance , low stroke volume , low stroke work , low

A—V oxygen difference and low oxygen consumption occurred in both groups . But -

pat ients with comp lkcted sepsis had greater reduct ions in oxygen consumption in the

earl y stage and greater increases in t he late stage even though they hcd lesser degrees of

shock as measured by the hypotension.

The data 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 consumpt ion) rather than the degree of hypotens ion, s the molar

determinant of survival.

The rate of oxygen consumption may be considered an essential overall index of the

total body meta bolism which reflects the sum of all oxidative metabolic processes , and,

thus, the general state of body meta bolism. As such it may be extremel y usefu l both for

minute—to—minute monitoring of the patient ’s phys iolog ic status end For evaluation of the

cffect ivencss of therapy . This measurement is advantcgecus because oxygen connot

be store d, end, except within narrow limits, apprecioble oxygen debts cannot be

accumulated for long periods of time . Therefore , the rate of oxygen uptake very nearl y

approximates the rote of oxygen transport which approximates the rote of oxygen consumption.

If oxygen consumption h the central factor that regulates the circulation, then this

factor would be expected to be more stable than other hemodynomk and metabolic vcricibles.

This is because small deviations in the regulating factor would stimulate hernodynamic and

metabol ic changes that would tend to return the regulating factor toward normal . Thus,

the compensatory reactions may vary widely in response to lesse r chonges in the regulating

factor . However, os deterioration develops, the regu latory mechanism itself may also be

affected. Oxygen consumpt ion hos many of the characteristics of a regulating mechanism;

but if it is not the physiolog ic regulator , it is probably close ly related . Tentatively, we

may treat it as though t were the regulator to develop hypotheses preparatory to more

definitive analys is of circulatory dynamics and it~ governance .

-
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Alt hough patients wit h uncom plicated sepsis seen in the earl y stages of

sept ic shock had on average mortality of 22%, but complicated septic shoch patients

hod higher mortal i t ies depending on associated cl inical focto rs such as the

surgical comp licctions , f istulce , renal failure , etc.  Thus , the body may overcorr .~
greater degrees of hypotension from sepsis which is not complicated by trauma and

blood loss easier than it con survive lesser degrees of hypotension of the septic shock

which follows hard upon trauma and hemorrhage . In essence , t he complicated

septic shock patients hod greater distort ions of ccrdioresp iratory patterns relative to

the degree of bypoters ion and this was assoc iated with greater mortality .

Hemodynamic changes in pericardiol tam~onode from pe netrat ing chest Tn~ur es.

We studied a series of 80 patients who had penetrating cardiac wounds with

hemopercor dium after knife or gunshot wounds and monitored the sequence of

hemodynamic events ond 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 tamponade is generally attributed to increased intraper cardiol

pressure and volume dIsplacement of the chambers of the hecrt ; this decreases the

effective filling pressure of the ventricle and thereby reduces stroke volume . Low

stroke indkes, which were obse’ved in 82% of the patients, give rise to several

compensatory hemodynarnic reactions: increased heart rote tends to maintain

- cardiac output in the face of reduced stroke volume; increase d central venous

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

4ncreased peripheral resistance , tends to maintain arterial pressure when cardiac output

folk. The onset of decompensation is suggested by falling central venous pressure

associated with hypotension and low cardiac output. Us ng on experimental animal

preparaflon with chronic indwelling catheters in the perkordial sac and in various

ktravoscu tar sites , seqt~ential cardiovascular measurements were made under

unanesthetize d conditions as blood was instilled into the pericardium. Progressive

decreased in stroke volume and cardiac output occurred with the appearance of

physiologic compensations . Cardiac arrest and death occurred as pulmonary arterial—

le ft otr al pressures approac hed zero; at this pOint, forward flow of blood across the

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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lesser c irculation ceased . Def init ive therapy Consisted, of re m oval OF the hemo—

pericor dia) 1)u J or c lots. Since a high percent aGe of c lots were found (65%) ,

which were associated with False negative pericordiocentesis (19%), and since active

bleed ing Imoma the lacerated cardiac chambers could not always be ruled out ,

surg ical intervent ion usuall y was undertoken. Conservative or preoperative therapy ,

consisting of pemkordiccentesis , volume loading orid isoproterenot r.F~sions , were

shown to improve the cardiovascu lar status. Volume loading w Ith plasma ex panders ,

which increased centra l venous pressure and venous return to the right heart , augmente d

the compensatory responses . Isoprote renol , w hen used j udiciously, improve d

myocardial contractility and thereby increased stro ke volume ond cardiac index.

Peri cordiocentesis improved stroke volume and cardiac index. Each of these were

useful in correcting speci fic aspects of the disorder during resuscitation as well as in

preparing the pot em~t For operation; cccli also had distinct limitations (Ref. 5).

Clin caf and experimental studies of cardiovascular alterations in acute cerebral inj ury

Systemic hypertension with brcdycardic as we ll as systemic hypotension,

which is not exp licable in terms of volume deficit or sepsis have been recognized in

patients with acute craniocerebrol trauma . However , hemodynomic changes lii this

type of patient have not been previously reported. Observations in ei ght patients

wDh acute cerebral injury revealed hemodynamic patterns and drug responses which

differ from both the normol subject and potients w ith other types of acute injury . In

particular, we have obsecved a pattern of ventdcular insufficiency • (or failure),

suggested by reduced left ventricular stroke work of normal and high inflow pressures ,

V 
early in the time course of cerebral trauma; thh was reversed by exogenous catec hol

• amine or by isoproterenol administration. The rco’uced ventricular funct ion was not

apparent three days after injury . Absence. of otrop ine—induced tachycardioc and

baroreceptor medioted bradycar dia also were observed in patients with acute head

Inlur es.

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

______  —~~~~~~~ 
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over pro ton~~-d per od~ o f time . Initial ~~s~ lts lndicat~ a progressive
diminution in cardiac output during cerebral ischcmic . Cardiac out put may be

increased or further decreased by restoration of norma l cerebral perfus ion pressure

of different points in the time course of cerebral ischemia. Elevations of systemic

pressure during cerebral ischemia with cotechol amine produced a response similar

to that observed in patients with acute cerebral injury; i.e., absence of refl ex l y
mediated brcdyccrdia (Ref. 9).

We also observed sequential hemodynamk events in a group of patients

with head injury throughout the ir clinical course . Significant hemodynamic changes

in the series as a whole were low cardiac output and stroke volume during

the ear ly pedod and return to normal or above during the middle and late periods;

these was an in tial.tachycardio which decreased during successive stcges. in the

early period, the patients who did not survive had lowe r cardiac out put , higher

peripheral res istance , lower central blood volume , lower stroke volume and lower

stroke work than did the survivors. Dur ing the middle and late periods, the

raonsurviving potients hod cardiac outputs, stmke volumes c-nd heart rates sim i lar  to

those of the survivàrs . . 

-

These observations suggest that therapy of pat ients with head injury

should include sympathomimetic agents to maintain cardiac output be fore hypotension

occurs (Ref. 5).
Use of Sequential Cardiorespiratory Vcricbles as Predictors of Survival, for Definition

6f Therapeutic Goals, and for Ecr h’~ Warning of Death

Cardiorespircrtory patterns were described by sequent ial physio logic
- . 

• meosurements obtained during li mes remote from therapy in 98 pat ients before and

after extensive surgical trauma . Early (stages B and tow), middle (stages C
1 and C2)

and late (stages D, E and F) periods were defined by time and arterial pressure

ctheria so that data could be analyzed at comparable periods. There were distinct

differences in the ccrdiorcspiratory patterns of 67 surviving patients as contrasted to the

31 who subsequently died. In the ear ly period , the nortsurv vors hod lower cardiac

output, higher mean transit time, low stroke work and stroke volume, higher

pulmonary vascular resistance, reduced oxygen availability, reduced oxygen

- - - — ___________________ ___________________ - - - 
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• consumption, oc do~is , h glier pCO2, and greate r reduct icns in I~ ’rnutocr i~ and blood

volume as compared w it h their own controls. Goals of the rcpy ore not necessaril y
to maintuin norma l va 1ues , s ince compensotory rcoctio n~ (such o~ t ac hycardlo)

present departures from the normal. There fore , therc peutk goals are to och kve

optimal phys lolo9 icol interrelat ionshi ps which lead to survival. The cordioresp iratory

pattern of the survivors represents a recsonable first approximation to the optimal

pressure , flow , vo lume and oxygen transport relat ionshi ps. Specifi c physiolog ic

cr iteria for thera peut ic goals are proposed , based on these data. Furthermore ,
speci fic criterra which may warn of impending diszster are proposed based on the

earl y cordioresp rotory patterns of patients who subsequentl y died . Their .’. presence

suggests t hat active therapy should be directed toward producing the physiolog ic

pattern of the survi’~ors (Ref. 47) .

The data were also analyzed retrospectivel y by a nonpcrcmetric multi—

variate anolysis; in this cpproach , the ranges of each available cardioresp irotory

variable at each stoge 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 earl y and

tote per iod, and a high percentage of surviving patients were classified in the lo~ stoce~
94% of the survivors and 89% oF the ent ire  ser i es were identif ied by one or more

positive variables, white 87% and 80%, respectivel y, were c lassified by two or

more var abfes. Those variables which were most useful as predictors in the

ear ly period, were, in order of frequency : oxygen availability, pCO2, pulmonary

vascular resistance , pH, oxygen consumption and extract ion ratio, hemog lobin,

right ond left stroke work and cordiac work , ond pulmonary arteria l pressure . Pulmonary

hemodynamk changes were most commonly a ffected in the early period of non—

survivors (Ref.á.).

As a first approximation to evaluation of the frequency of the mechanisms

Involved, the cordioresp rotory variables were grouped according to their most

likely underlying physio logic problem. In the early per iod, the most frequentl y

positive variables were, in order of frequency, acid— bose and oxygen transport

problems, neurohumeral influences (including both systemic and pulmonary vascular

res istance), cardiac factors and blood volume—rela ted voriables. It is concluded that

this type of approoch may hel p to e lucidate underlying physio logic mechanisms
and that prospective studies may lead to development of more precise ly defined

physiologk criteria for therapy (Re f. tL). 
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Expe r imental cod Clini ccl Stud ios on Pulmonary Hetnndynarn cs and Iuna Function

in Shock Stot ~’s

Death From pulmonary fai lure in clinical shock is lcrg~ ly due to alterations in

pulmonary venous odmisture wi th ventilcs on—perfusion (V/O) abnormalities whkh ore

related to very ear ly increc~cs in pulmonary vascular resistance; the latter was found to

be an important earl y predictor of survival.

Sequential hemodynernic , oxygen transport and pulmonary venous admixture measure-

ments were performed in experim ental animals as well as in shock patients remote

from therapy. In surviving patients , the earl y physio log ic response consisted of

hypotent ion, increased PVR , normal ortericl pH, and normal central blood volume .

There wos on increased ccrd cc output with norrnovolemic and usually decre ased cardicc

output in the presence of hypovolemia. During the earl y period of shock , the

nonsurvivors had lower cardiac output , higher centr z~l blood volume , higher PVR,
greater acidosis, cnd lower oxygen consumption .

increased PVR occurred early, often before development of maximal hypotension and

- low cardiac output in both clinical and experimental conditions. The magnitude of the

PVR increase was roughly related to the extent of the trauma and hemorrhage; the
• increase was significantly greater in nonsurvivors. The increased PVR was associated

wUh ac dosis during hypovclemia, increased central blood volume after volume deficit-s

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

Pulmonary hemodynomics, reSpiratory funct ion , and the distribution of pulmonary

blood flow was studied in seven uncnesthetized dogs, without previous thorocotomy ,

using a previously described protoco l of hemorrhage desi gned to stimulate clin col
shock. A method was first devised to measure the distribution of pulmonary blood flow

serially in unonesthet zed dogs using 5 different radioactive isotope labelled microspheres

(Ref. 15). The labelled rnicrospheres were injected sequentiall y in a control period,

immediate ly after hemorrhage , at various stages after hemorrhage and retrans fusion to

evaluate the blood flow to six vert ical segments of lung (Ref.S). Pulmonary blood

flow was evenly distributed in tEe control period. Following hemorrhage, ihere was a 



dec rease iii pulmoncry ar t e r y  arid Ic ft otr al p’e~~ure w t h  an Increase in blood f low to

the dependent areas re lat ive to the upper arecs . This was associa ted with decreased

pCO
2 values and increased in p02, minute volume , resp iratory rate , pulmor~ary dead

)
space, and pulmonary vascular rcsi sta nce ,~ There was a marked base deficit but only

o smal l decrease in pH due to comp<~nsat ing res p rctory c lkc losis . By the end of the

hypovolemic period , there was a red istr ibution of blocd f low upward5 against the

hydrostat ic pressure : this beccme more pronounced after reinfusion of the shed blood .

After reiniusion, o sl i ghtl y increased pulmonary shunt occurred which did not contribute

signif icantl y to the increased cardiac output . The pH fall seen was due to the reversal

of hyperventilation and an increase in pCO2. Pulmonary vo~cular res istance remained

elevated alter the pH returne d to normal. Metabolic ac dosis was cleared very slowl y

despite the return to normal. Metabol ic acidosis was cleared very s lowl y desp ite

the return of cardiac output and an increase in oxygen consumption. These findings

suggest that subtle alterat ions in pulmonary hemadynimics and blood flow distribution

• after hemorrhage occur prior to the development of arteriol oxygen desaturation. These

changes in pulmonary f low distribution initially may be compensations for st ructurci

clte~otions of pulm onary cap illary beds and they may in part be produced b1 neurohumoral

mechan isms having protec t i ve “clue .

In order to elucidate regulatory mechanisms underl ying the pulmonary hemnodynamic
• response, we studied sequential changes in PVR prolonged hemorrhag ic shock in 18

consCious dogs (Ref. 65).  In eight , t he mixed venous pH wcs maintained w thin normal

range by infusing sodiur;r bicarbonate; in ten control dogs the pHv was not treated .

Severe metabolic ocidosis in the untreated group was associated with an overage increase

In PVR of about 300 percent . But when the pHv wos controlled, the PVR was increased

only about 100 percenl’ . Forth percent of the untreoted dogs were found to hove appreciable

gross lung patho logy; t hese dogs previousl y had marked end persistentl y increosed PVR

dudng the antecedent hypovo lemic shock stage and subsequentl y increased pulmonary
venous adm xtu re in the postshock period . By contrast, none of the treated dogs

hod apprec ioble amounts of increased pulmonary venous admixture or appreciable amounts

of gross lung pathology. It was concluded that severe metabolic ac dosis s responsible

for the major port of the increased PVR and that prolonged increoses in PVR during

— S



hypovolem c shock p~r o d is associated with the developmenrof shock lung during the

postshock period (1’~ef . 17, 65).

These data indicate that trauma , hemorrhage and other forms of str es s produce

pulmoncry vasocons~riction from neura l influences; initia ll y at least , this is a compensatory

mechanism w hich tends to redistribute blood flow upward . However , t he increased PVR

may be exagger ated by meta bolic , hormonal , and rheolog ica l factors. The pers istence of

o high PVR lecds to the backup of blood behind the lesse r circulation arid uneven blood

flow in the microcirculat ion. Thus, venti lation—perfusion abnormalit ies ore produced by

inaldistributions of reg ional or zonol pulmonary blood flow as well as maldistributio ri s of

flow at the microcircu lafory leve l (Ref. 66).

The observed patterns of t hese variables have therapeutic implications. An emphasis

on improved vent ilctory function is oppropriate but limited because the perfusion half of

the V/Q equation is also of m ajor importance . lncrecsed blood flow and reduced PV’.
may be accomplished by: 1) correction of acidosis ; 2) volume loading with p!asrn~

expanders such as olbumfrr, dextran—40 and blood; and with 3) high—doses of ster ods;

and 4) inotrop ic agents (Ref. 66).

• We have eva luated the effects of various agents on PVR in over 200 instances

in pat ients w ith postoperative and postfroumatic shock. After two to six c~ntrol PVR

measurements , an infusion of an agent is mcde and PVR measurements repeated at frequent

intei o!s during and 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 significant changes following
• infusions of saline or Ringer ’s lactate solution. The meon PVR responses to the various

agents ore summarized in Table 1.

Table 1
EFFECTS OF VARIOUS AGENTS ON PERIPHERA L VASCULA R RESISTANCE (PVR)

Mean values tn dyne • sec /cm M .± standard error
Control During Infusion After Infusion

Whole Blood 344+23 32+24 313+20
Albumin 285+27 251+25 241+26* 

-

Dextron-40 290+25 258+26* 237+27*
Saline/Ringers Lactate 329+45 314+26 339+32

Methylprednisolone 354+38 247+41 *

Stotht icat ly s;gn;ricant at the 5% level 0f confidence using the t test for paired
distributions.



Sympot hornimetic agents ( .c • , norep inephr irre , metaran~inol), excess sodium,
overhydration , and dish ydrati on should be avoided in the presence of increased

PVR. V igorous programs for chang ing posit ion—turn ing the patient from side—to —s ide

every two hours , as wel l  as more extreme changes in position—m ay also be indicated

to improve perfusion as wel l  as postural drainage (Ref. 66).

The relevance of nutritiona l nroblerr s in acute post—traumat ic sfc ~”s; the e ffects of
hy p e r t o r c c~!ucose cod ~(ucc .on in therapy of shoc~~~~~~~~~~~~~~~~~~~~~~~~~~~~

To lest the hypothesis that inadequate energy subst rates may be important to
nutritional and metabolic failure in crit icall y ill patients , we measure d hemodynamic

and oxygen trcnsport effects of glucose , 1 gram/kg body weight , given intravenous ly
over a 30 minute period in a series of acutel y ill patients . The responses of patients

who had been maintained on the standard cflnical fluid reg imen of 5% glucose were

compared wit h thos-’ given 2000 calories per day by intravenous administration of

hypertonic glucose . The glucose load produced a marked improvement in hemodynamic

and oxygen transport variables in the patient group maintained on 5% glucose; patients

who~color ic needs we re maintained with 50% glucose did not show significant changes.

The findings suggest thct insufflc ient nutrition may contribute to cardiorespirotory

deterioration in the acutel y ill patient and that these physiologic variobles ore improved

by administration of odequote energy substrates in the form of hypertonk glucose (Re f . 57).
• The effect of gluccgon on hemodynomi: and oxygen transport was studied Tn 11

severely stresse d post—troumo~ic patients. When these responses were evaluated in relat en

to the patients prior introvencus therapy, those patients who hod received increased

metabolic substrate (50% glucose ) hod greater and more consistent responses to glucogon 
-

Infusion. This indicates exogenous glucose suppUes the metabolic substrates necessary for

the inotrop ic effect of g lucogon . It is also suggested that the variability in response

observed clinically wit h this hormone may be retoted to the carbohydrate avoilobiflty .

Since criticall y ill patients ore frequent ly undernour ished or dep leted by the traumatic

ephode, the therapeutic use of glucagon should be cccompa.iied by adequate caloric intake

V (Ref. 58).

Our experience in providing adequate intravenous feeding dur ing the post decode, which

emphas ized nutritional aspects of acute criticall y ill and shock pat ient s , was recentl y rev iewed

In a basic sc ience pu blication (Ref. 65).
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