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Continuing the investigation of the cardisc output and vascular responses
to injury, an ndditional 70 patients who were operated upon or admitted with
injuries have been cbserved during the past year, This has been acconmplished
by serial dyc <ilution curves and intravascular pressure measurements for
pariods ag long os three months, To relate these observations to the well
known mctabolic alterations caused by traumo certain simultancous blood
chemicnal and respiratory measurements have been made., In addition, animal
experimente have been conducted euploying an implantced dortic clectromagnetic
flow meter and inlying vnccular catheters which permit observations in a
comfortable conscicus basel condition. By this means, a comparison has been
made between the uneventful recovery from thoracotomy and that complicated
by an extensive induced abscess.

Both the clinical and laboratory studies confirm the previcus obser-
vation that uncventful recovery calls forth but little more circulatory
activity than that present under basal conditicns., Infection or gevgrene
require a significantly higher cardiac output to avoid serious metabolic
derangemerts which include a progressive and cventurlly fatal metabolic
acidosis, Follouing a period of shnock and lew cardlac output traumatized
pati.its enter a period of high cardiac output associated with increased
metabolic cxpenditure and other aspects of thc defence veaction. This has
proven perticularly true following severe burns at the time sepels appears.
Respiratory insufficiency increases this lemand for cardiac output and may in

part be relieved by the use »f a respirator,
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In accordance with the stated objective of thic project to quantitate
the cardiac output and vascular recponse to traun;, investigation has centinued
both clinically and in the experimental laboratory, To xelate the well
established metabolic reactionc (21) (25) to the pattern of cardiovagcular
regponce in the injured patient, certain biochemical studies are being made
concomitantly with the hLemodynamic observations, Within the period of this
report (April 1, 1962 to March 31, 1963), the principal invectigator and a
nuiber of his ctaff woved on July lst from Vestern Recerve University in
Cleveland, Ohic, to the Medical College of South Carolina in Charleston, Soutk
Carolina, Arzangements were nade to study patients in the warde of the
Mcdical College Hoepitnl, Temporary chemistry and phyciological laboratories
were established until it wan poreible to move fnto the vecently completed
Researcn Buiiding, Thic took place in November, Due to delays in the delivery
of certain equipment some of the experimental and clinical obecrvations were
delayed, but others have been clmost continucusiy purcued, Soue 70 paticnts
have been ctudiel and 72 chronic animal ixperimente were carriod cut,

With the background of knowledge obtained in wravious projcete, attention
has beaen devoted to the cffects of sentis, gengrene, and chock on the
circulatory respense to troauma during the pariod of recovery and convalezcence
fron trauma 2nd surgery, To incrcase an understending of the metabolic
relationship to tha alteratiorns in circulation induced by these conditions
thaee studies have included observatione upon the behavior of the extracellular
electrolytes, blood gasces, and the catechol anvine concentrations in the blood.
Particular emphasis has been placed upon the differences in circulatory
behavior of those patients or experimental aniuwals vho died and those which
survived, from this, a pattern of reccvery is becoming establiched for
uneventful convalescence vhich contreste significantly from that complicated
by the precence of supsis or gangrene. The latter etresses appear to raquire

a nuch graater circulatery cutput over long periods than occurs when
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ceriplicatione are not present. Whei this extra circuletory demant is not
catisficd, ceriouc progressiva netoholic derangemente ci-ilar to thoss found
in shock occur ond cventunlly recult in doath.

Thic report cexrvec ns o supplement to those in April, 1962 and Octaber,
1962. An attcupt ic not .unde to reviecu the rlota previously ecllected, but
rather tc point up cortain rew obcarvaticac zuch n: the cffoct: of bLurn sepsis
on the cdemandr for eirculation, In o nuaber cf instances in which the data
colleeted confica iupreesions concerning the circulatory responces gained in
the previouc periods of this ~nd otler projccts, w=antion is rinde of the older
obgervations, ?2apers arc in praparation ccaccrning certain phaces of this
work, One cutlining tne importance of the enrdiac and circulatory function
to the mctabnlic etatus following trawan is in prece (10). Another ig being
prasented to the Faederated Socictics this yanr which dealz with the physiologi-
cal exoerimental observoticns, pcinting out the cigii‘fcnnt increase of
circulation required for rceovery in animales with {nduced sbeceesee (1).

In the future, cttempte will be mnde to reicte the pert pleyed by the
known cndocrine ond metabolic behavior ¢cf the injured organiem to the
continucd function of tha cardiovsscular cystem, Much ic imown quantitatively
of thcse uetabollc ~lterations, but relatively little cf their influcnce on
the chemical or functional nctivity of tirnsuep or organ systcms.

METHODS AND MLTEDIALS

Serial observatione of the circulatory status in patients included
neasuroments of the cardiec output, the centrel vencus pressure, nd arterial
blood pressure. (. lcng inlying venous cathcter placed through tho anticubital
vein so that 4its tip lay in tho superior vena cava or tho right atrium vas
enployed nut only to measure the venoue prescurc but for injecting indocyenine
grecn dye (13) for the ueasurement of cardiac output., Continuous withdrowal
of arterial blood through a densitometer for the construction of dye dilution

curves (14) wae accomplished by mcans of on inlying cannula in tho radial artery.
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As mony as five or six such determinatious in a day were not unusucl. The
YRochester ncecdles” cmployed for this purpose cocmmonly were allowed to remain
in place for pericds up to four doys £1lled with a ddlute solution of heparin
in physiological saline, Arterinl blood pressure was recorded dircetly through
a strain gauge or by means cf a zphygnomanometerz.

Experimentally, in addition to the above eirculatory sctudies, the carviac
output ¢f dogs wns wecorded by means of clectrounagnetic flow meter transducers
implanted at the base of the corta, This permitted observations in conscious
aninals lying quictly on 2 labowatory table in a basal state. Although thie
electromagnetic flow meter of Olnsted's (23) design functioned well, ccnsidexr~
able troutlc was cncountered with short circuile caused by leaks in the plastic
coating of the wire and arterial prcbe, Work with the dosigner and the
manufacturcer has overcome thig difficulty to a great extent., The rather high
incidence of aortie necrosis and rupture (62%) previously encountered has been
reduced by improvement in operating technigue md suitable padding with Ivalon
sponge. In the lact f£ifty animals operated upon, this occurred but eight times,
A technique for the placement of inlying catheters in the arteries and veiss
of the leg has made possible serirl dye dfluticn curves asz a mcang of ciiecking
the cardiac cutputs recorded by the aortic flow meters, Inm addition, pressure
recordings have been wade directly through the vascular cannulae. All this
in fully censcious, completely comfortable aninmals in o basal state,

Arterizl blood samples from patients and aninnls taken at the times of
the circulatory measureuents have been analysecd ior the concentrations of
hydregen ion, sodiun, potasc.um, chloride, lactate, pyruvate, and the tlood
gaeses. Buffer basc and other acid-base valuec have been measured by the
nethod of Astrup (2). _nmploying the Aninco-Bowen spectrofluorimeter, e method
for determination of epinephrine and norepinepheine blocd concentrations (26)

hac been worked up and standardized in cooperation with membexs of the
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Department of Pharmacology (Dr, James Richordeorn), Application of this method
to urinary catechol smine exczction is being established presently, Bloed
cortisol deteminaticns by o wedification of the method of Parrel (12) are now
being undertaken but are as yet not standardized,

Provision has been nmade foxr use of beds in the Intencive Care Unit of the
hospital for metabolic balance studics in the patients under ctudy, Water
balance has been accurately followed in nearly all of the patients during
the period of observation, At the precent time methods for the reacurement
of nitrogen intake and excretion are being worked out with the assictance of
the Dietary Depuvtment, To dote this has not been applied to the patients
being studiced under this project.

Efforts at measuring oxygen consuaption and respiratory gas exchange in
patients under study caploying a respirometer have proven difficult and of
pocr reproducibility, PFurther development of this technique cmploying the
nethods of Kinney (19) and others remnins to be accomplished,

EXPERIMENTAL OBSERV..TIONS

Employing the Olmsted cloctromagnetic flowmeter for the measuzoment of
cardicc output, and dye dilution curves interuittently as a check, 72 doge
were obsarved, There were three groups: Groyp I, twelve which recovered
uneventfully from the thoracotomy without infection; Group II, twenty in
which an extensive ‘:ieccss with tissuc necrosis was induced in the thigh by
the intronuscular injection 9£ calciun chlcride but which survived; and
Group 1II, sevantcen which dicd of the septic process at vuarious tines from
two to twelve days., Some of the septic animals developed an empyena in
addition to t!'> induced abscess in beth Groups X1 and III, In addition, there
were 23 an! wils which either died of rupture of che corta or developed
respiratory complications, All of these were discarded from the

experimental serice,
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In Figures 1 and 2 ore given a compariosn of the composite data on cardiac
output from the aninale in Groupe I (non infected) and II (septic survivors).
As nmay be geen, there is a satisfactory correlation in each group showing no
significant difference between the £low meter values and those obteined by
dye dilution curves.

However, as demonstrated in Pigure 3, there is a marked difference betweon
the cardiac cutputs of Groups I and II, The non infected animals within two
days returned their cardize indizes to the noraal resting basal values. At
the same time the septic animals of Group IT exhibited an average caxdiae
index of 3.7 L/M2/ain, The average cardianc index of the animals with sepsis
continucd to rise to 4.9 L/lenin by the seventh dny, while that of the
non infected animals rcached a plateau of 2.4 L/lemin.

From the data given in Figure 4 it is apparent that the peripheral
resistance was significantly lower in the septic group of animals. The
narked elevation of the carliac cutput during convcleccence in the septic
animals to tuice the basnl value ecnnot be accounted for entirely by the
denands of the increased metcbolic rate with fever. There was at must o two
degree centrigrade elevation of body temperature in the septic animals. This
makes it appear that, in additicn to the circulatory deiands of extra
vespiratory work, there was o marked deercase in vascular resistance, probably
in the vicinity of the hot inflarmatory process.

It is notewerthy that neithes in Grecupe I or II were there cignificant
deviaticns from normal netabolic walues, A portion of these date is given
in Figure 5. The sanme was truc of pyruvatc, lactate, and the other values
measured in the ble-d, On the other hand, septic animals vhich failed to
maintain o high ~utput, cven though it vas equal to the normal basal values of
non infected animals, went into a state of shock, They died, as {llustrated
by the example from Group IIT in Figure 6, with a metabolic pattern resembling

that of animols in hypovolenic shock (24). Typically there was a progressive




uneonpensated wetat.iic acidosic,
An interecting observation uas made - number of times, When an aninal

ruptured and drained on abgscecs, the circulatory alterations ccezsiocned by

the ceptic process returnad towird nermanl. This is glearly demonstrable

in the course of the animal given in Figure 7. For comparison the course

of ancther aninal from Group I vith undrained zepois ic shown in the same

chart,

CLINICAL OBSERVATIONS

Since 4onril 1, 1962, beth in Cleveland and eince removal to Chorleston,
some 325 individual obscrvaticns have been uade upon 70 patients., The
paticnte studicd have included:

Trauna

Burnse

Hemorrhnge

Postaborticn

Peritonitis

Operative and! Postaperstive 3
Hiccelloncoue

NOI>WWw~N®

This has permitted study of the fellowing clinical entities of interest in

this project, at tines two or more presenting in the seme pntient:

Shocks Hypovolanic 7
Sceptic 4
Burn 7
Sepeiss Qosteperative 5
Post trounmatic 3
Burn ?
Peritenitia 3
Pancreatitic 1
Major trauma and fraccures 12
R.spiratery f£oilure 6
Cardiac failure 7

Uneventful convnriescence
from najor surgery 24
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At the tine of ountry patioents with acute situaticns such as major burns
cr trauma selected for study had orterial and venous catheters placed, As
soon as practicable, while trcatment wos being instituted, a preliminary
series of hemodynamic observations was sbtained including determinations of
the cardiac cutput by dye curves, At the seme time, blood sanples were
obtained, centrifugesd, and frozea for subsequent ecnalysis. Acid-vase
measurements were carried out at once, and were often an aid in therapy.
Subscquently, all observations were repcated as indicated, Base line values
were obtained when poseible following rccovery, ar long as four nonths later
in certain of the burn patients,

Paticnte who were te undergo eclective operations and whe were selected
because of the magnitude of the operriion or for reasons of presenting
debiliticec had basal observotions made prior to the procedure, Subscquently,
these were rcpeated at intervals diring the postoperative period,

RESULTS

The obscrvations upon patients who undrruent m~jor abdominal surgieal or
thoracic operations cicluding cardiac procedures, with uncventful cecovery
have been continued, Their data are precented in Table I. The twelva added
this ycar scrve further to confima the pattern previously establighed, It
appears that convalescence vithout the complicatione caused by sepsis,
gangrene, or respivatory insufficicney requires but o very slight increase
(18%) of circulaticn above the basal values to naintain a ncrel metabolic
status in cclluler respiration and cuerpgy production as reflected in the
extracellular fluid, It 1s noteworthy that after the operations in which
some degree <~ netobolic acidosis aluays doveloped, there wos none of any
significan~2 wn this groun, Neither the blood lactate nor pyruvate concene
trations deviated in the postoperative phase from the nowmal values,

By contrast, there are nov studies of ten patients who developed sepsis

and inflarmotion, but who wont on to recovery, These included enpyema, woumd
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infection, peritonitic, retroperitoneal abscecs, an” ischenic gangrens of the
intestine, Reference to Table I shows that on hie averange these patiente
maintained cordince outputs 607% above the nornal basal values. There is a wide
rnge of variation in this responce., Toe combined data £ail to convey the
narked rise which is ugsually scen in the individunl patiens as scpsis develops,
Despite fevers which ranged fram 38.9 to 41,0%C, these people did ot develop
netabolis disturbancec of any ccnsequence., The oxygen consunption of this
group voce teo 8% of the expected basal value, but cs previously mentioned
these data sre at preseat consicerced unrclicble., However, as measured by
ninute volume exchange, the recpiratery work increascd to 1€5% of the basal
value,

Ninc paticnts cied with sepsic or gangrene while under obacrvation. 4n
example ic given in Figure 10, 1In scven a nornmal perizd of convaloscence
stoerted, With the cnset of sepeis there wae a wodercte clevation of cardiac
cutput, In three thie preved inadequate &o prevent the developnent of moderate
metabolic acidocis (buffer base duficit up to -6 mEg/L). Four others failed
to raise tho outputs above their resting valuec, Two of these were later
proven tu have old myocardinl £ibrosic cecondnry to coronary atherosclerocis,
Tuo patients with severe sepsic died suddenly with heart fatilure having
maintained cutputs ¢ 3.8 and 4.5 L/ /uin tvo days prior to death. autopsy
disclosed an acute corcnary infarction in on2, 4c chown in the table, each
of the patients in vhonm on ubservation was r-de within 24 hours of death had
developed a netzwlic acidosis, in sonme inctonces uncompensated by respiratory
alkalosis.

Becnuse of the variations in rccponse it is as yet fupractical to present
the data from ~ 1 of the paticnts in the various groups., Typical exmaples
from each category of the situctions observed are given with certein general

conclueione drawn from cach greup ns a vhole,
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BURNS

Seven patients with severe sccond and third degree burns (estinated 34%
or more of body surface) were studied this past year, In addition, two others
were observed last yenr, TFrou the dnta obtained in this group o typieal
pattern of cardiovascular responsc to this form of trauma is cmerging which
will fom: the substance of a weport to be publiched when the nuuber cf
obeervations becomes cufficlent to be significant, 4n example is given in
Figurec 8,

The initirl stulles were made in four of thege patients carly cnough
thot £luid shifts ond elreulatery changes were wminimal, The cardiac indices
at that time ranged Srom 2.8 tc 5.9 L/M2/nin. Subscquently, the cardiac
output in all but one fell to values below the noxmal resting value Zecpite
fluid therapy, This wac accompanied by an increrse of peripheral vascular
resictance. As the shoel: phase developed an clevation of henntocrit and very
low ocutputs ranging fror 0.4 to 3.6 L/Mé/uin vere observed. Under these
conditions, thc buffer bLeasce deficit incrteaced to values ranging from -7 to
=25 aEg/L, accompanied by declines of the arterial blood pH to as low as 7,07.
The ncjority did not fall below 7,18, In all but one instonce, the arterial
pC0; was rocuced to 35 wm Hg or below. One paticnt whose pl0, zose to
38 m Hg and wio had cuffestd o respivatory burn was slaced upon a razpirator
with an immediate inprovemcent in the metabolic and circulatory states, As the
pCOy returned to 40 mxx Hg and the oxygen saturation to 85%, the pH rose to
7.32 and the cardice index to 4.1 L/M/min.

One patieat with severe burns died within 24 hours, His cardice index
fell progrescsivelv to 0.4 L/M2/min cshortly before death with a high central
venous prescurs. The nmetabolic acidesis increosed to a buffer base deficit
of <25 nEq/L and the arterial blood pH fell to 6,93 cespite a pCO; of 32 mm Hg.
The remainder of the turned pationts survived five days or nore, Within 24

hours the cardiac index of cach was within the normzl bLasal range, 2.4 to &
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L/M/nin. One died at five days, another in ceven, and ome at ten. All of
the patidnte began to exhibit cardiac cutputs ranging from 30 to 115% above
their expected or measured basal values after five days., Thic was concurrent
with the onset of surface infection and hyperpyrexia. Thereafter, until the
woundc were covered and the infection was brought under control the cardiac
outputs renmnined elevated, However, none of the patients, under thes.
conditivng, showed evidence of metabolic derengements as cvidenced by elevated
lactates, pyruvates, or buZfer base Jeficits, Shortly before death the cardiac
index of the patient whe died at five days was found to have fallen to 2.1
L/M2/min at o tinme when the resainder exhibited autputs ranging from 3.5 to
4.9 L/lemin. His pCOy climbed to 80 rm Hg and his arterial blood pH fell

to 7.06. A recpirater improved the acidosic but the cardice cutput remained
low with progresesive metabolic derangements.

Another patient, who had been doing well with an cutput of 5.6 L/MZ/min
on the scventh day, suddenly cropnad hic output aed died in heart faflure with
an cutput of 2,8 L/M%/uin, At the same time, he exhibited o rapidly
prcgressive acidosis,

The patients who recovered and finally were grafted and discharged all
exhibited a gracdual wcturn toward normal of their cardiac outputs, In one of
these people a cardinc index amounting to nore than 4.5 L/M2/nin was maintained
for more than six weeks before return to the normnl basal value near 3 L/M2/nin,

TRAUMS AND HYPOVOLIMIC SHOCK

During the past two years, twelve pationts in hypovolemic shock have
been observed. An exauple of the data obteined is given in Pigure 9. This
patient, having bled massively during and after an extrapleural pneumonectomy,
required son¢ 18 1ints of transfuced blood, more than twice his normal blood
volume, Three hours fcllouing his operation he exhibited a hypotension of
70/50 mx Hg with a decline of his cardiac index to 1.9 L/M¢/ain At that fime

his blced lactate had risen to 42 nma %, and the blood pyruvate to 7 mgm %.
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Thic was nccempanicd by a modevate metabolic acidosis and a buffer bas:

deficit of -5 mEq/L. Subsequently, with arrest of henmorrhage and ccrrection

of blood vclume he went on to a nowal postoperative respense with an clevation
oi the cardiac index to 3.6 and subsequently 4.2 L/M2/ain, With this cardiac
output he paintained a normal wmetabolic status and went on eventually to
satisfactory reccovery.

Another far more complicated picture is glven in Pigure 10, This is the
course of a 39 year old man who suffered scvere nultiple injurics wf the chest
wall, gpleen, the vena cavn, and a fracture of the lefi fenur, On cntry, he
exbibited a combined respiratory and metabolic acidocis, accompanying both
insufficient recpiration and a cardiac output below 1 L/MZ/nmin., 4t that time,
his blood lactate was over 60 nga % while the pyruvete wns but 6 ngn %, As
his respiratory status was restored vith the help of o respirator, and as his
cardiac outout returned toward ncrmial with multiple trencfusions, the
metabolic acidosis and lactate valucs were greatly xecduced. Kecause of
oligurin on the third day and twice nore thercafter he underwent hemodiclysis.
Apparently having started to nmako a recovery despite a continumed 31°ghtly
low cardiac output, he developed an abdominal abscess, His peripheral
vascular resistance began to decline with o moderate rise of cardiac output,
This was inadequate to nointain a2 normal blood pressure, After drainage of the
abscess on the thirty-first day, he failed to weet the challenge of extra
requirenents for cardiac output, He died shortly thercafier with a rising
venous pressure, in heart failure 2nc a recurrence of the previous lactacide
enia,

In Table T ave presented the data fron eipght patients who underwent severe
mechanical trawma or gunshot wounde but recovered, It is noteworthy that
degpite the absence of serious sepsis in any of these patients a large cardiac
output was present as soon as the patients recovered from the sheek state

associated with the hypovolenin attendent upon rnost of thenre injuries.
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On the second day after injury the cordiac indices ranged from 2.9 to 5.3
L/M2/nin. The paticnt with the greatest output had a concomitant respiratory
insufficicency caused by nultiple rib fractures. When pleced upen a respirator
and relieved of the extra vork of breathing, his cardiac index was reduced to
4.1 L/Mz/min. At tle v, & dine, his buffer base deficit deelined from =12 to
-7 mEq/L as the arterial blood oxygen saturaticn rose from 68 to 91%.

Subsequently, during the first week the traumatized patients naintained
elevated cardiac output valuec ranging from 3.9 to 5.6 L/M%/min, In general,
it night be said that the regponse, as indfcaied by the fever, leucoeytosis,
rospiratory activity, as well as the cardinc output, was related to the extent
oi the soft tissuc injury,

Althcugh the dato concerning epinephrine and norepinephrine concentrations
Ja the bleood axe somewvhnt fragnentary until recently, it has become apparent
that totsl values as high as 12 micrograms are present at tiuer, particularly
when acute vasaconstriction with high peripheral vaccular resistance are
present,

DISCUSSION

The date obtained confimn the improssions previously gained (6) (7) (8)
{9) (10) concerning the normal cardiovascular responses during convalescence
from major surgical operations, It appears that in the abeence of compli-
cations 1little more than the basal resting circulatory ocutput is nceded to
nmaintain 2 normal metabolic strtus, On the other hand, both the cxperimental
and clinicel obscrvations hercin reported indicate that in the presence of
severe sepsis and inflamation a considerably greater cardiac output is
required to mairrain the normal cellular respiratory activity without the
developmient o< netabolic acidosis, lactacidemia, and other evidence of

anaerobic glycolysis.,
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e first wajor experinmental program of this project is now nearly
complete with catisfactorily reproducible results, These are given in
Figures 1, 2, and 3, indlcating that the dog cxhibits a circulatory pattern
during recovery from thouacotony which vescmbles that o€ wan, Furtheruore,
in this sninal, the prescence of savexe sepsis preducee A significant increase
of cardiac cutput until such time as the scptic process is resolved, Ihic
technique will wnke it possible to examine individually the parts played by
the nervous {18), cnloerine (15), ond respiratory (20) systems in evolking
this reproducible responce, Thus, the deor is opened to iuproveuente
in the therapy of traumn and oepsis by o gueater understanding of the demands
made upon the organism,

It is proposcd as time goes cn to conduct ciudlar experinents in
sympathectomized animals and in thoce subjected to spinal cord secticn,
By cenervating the limb in which an abecess is cstablished it iz expected
that the influcnce of the affaerent nerve impulses can be evaluated in terme
of establishing thc alam reaction, Advenalectonized animals wmay be employed
to determine what part the corticoid cecretion may play in permitting these
cardiovascular recactions to take place in the face of adverse circunstances
of acidosis and oxygen lack (5) (5) (22).

The question ac to why the cardicc output is elevated with a decrecase
of the peripheral vascular resistance under these coucliions wmay be partialle
rnswered in terus of increacsed cellular demands for cxygen and metabelic
substrates. Yet, according to the forrmlae of Dubois (11) concerning the
changes in oxzygen contuaption in fever, the data presented by Kinney (19)
on oxygen consunption, and these dota on cardiac output suggest that the
cxygen and civenlscory demands cxeced thot vhich would bo predicted by the
fevers of both patiente ond dogs. Two other possibilities exist. The firot
ie that the increased work of rospiration requires excees output te satisfy

the demands of the musclec of respiration, This can be accounted for by the
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decrease in carciac output seen when 2 patient ic relioved of respiratory work
by a recspirator, The cecond pogsibility, related to the circulatery system
iteclf, is that the vnscular resistance is greatly roduced in the region of
an inflammatory reaction (25). The heat of on inflammatery area may indicate
that much of the blood passing thrcugh it may actually represent an A-V shunt,
This, of course, lcwers the peripheral vascular resistance in a fashioci. which
requires cither that the resistance Le increased in other arcac or that the
cardiac output be incrensed 1f blood pressure is to be maintained. Since
blood pressure, in all of these studies, both in the dog and in wan, appears
to be very closcly guarded ns ong as compensation is poseible, a metabelic
price must be paid in tenms of tiseuc perrusion under conditions vhich
prohibit on incrense of cardiac output, This phenomenon is clearly seen in
certain of the patients vho in the prcsence of sepeds or trauwa were unable
to raise their carciocc outputs sbove the resting values. Metabolically they
resembled the patients who were in shock or thosc with the "low ocutput syndrome"
following cardiac surgery (3) (9).

The wechanisn by which cardine cutput is increased without an atdition
to the bleod volune hac been postulated as teing releted to tissue demands (17).
The accunulation of metabolitec probably leads t> a decrease in the vascular
resistance of the affected arcae, overcoming locally the tonie arteriolar
vasoconstrictor cctivity cf the sy:zpathetic nervous cystem, The slight
reculting variations in blood pressurve sct in action reflex ares initiated
in the variouz beroreceptors of the aorta, carctids, and other great vessels
(16). These in turn are helieved to be responcible for increased vencus
toue and vencus return augmented heart action, and a greeter cardiac output(4d),

In man, any pac - of this nechaniom may £ail, but commonly the heart
appencs to be the leact able te continue in the face of a prolonged dewmand for
& cardiac output well above the normal resting value. This is particularly

true in olcder peopie. 4 number of the patientc, who were apparently making
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a good response to severe sepsis or tissue trouma, died rather suédculy

when cardiac cutput declined as o recult of coronory incufficiency or heart
failure from other causez, Others developed a progressive metabolic acidosis
while maintaining o cordiac cutput quite adequate for uncemplicated reccvery.
It wao equally truc that dogs who failed to arintain an elevated cardiac
output in the prescnce of an induced abceeas or cupyema died in o stote of
progressive metaboliic acidosis,

Moderate degrees of respiratory insufficiency are aceccmpanicd by increased
activity of the cardiovascular cystem, The reverse ie also true, Thus, it
has become apparent that the ure of the recpirntor uith an inprovenent in
blood oxygen situration and restoration of the pCOy to the normal range not
only rcduces the tissuc deannds for circulation, but alse can relieve the
circulalion of the denands made by the wuscles of respiration in responding
to incrcased respiratory ustk,

Little has been gaid in this repvort concerning the cffecte of bacterial
endctoxin and other texic effects on the circulation resulting frea infection
or gangrene within the body, Four pntients in so called septic chock have
been observed, Lut the results were equivocal, tuwo of the petiente apparently
dying of hceart failure and two apparcently from failure of venouc return,
Further data will be required from observations of this phunomenon to assces
thie aspect of trauma on the circulation,

The effects of a variety of influences on the cardiovascular response &0
trauma have been studied, and o pattern of this resncnse in uncouplicated k
recovery and that associoted with sepsic is energing., However, much remains:
to be accomplished in relating the behavior of the circulation as a whole to

the kncwn metat. ‘ic, endocrine, respiratory, and remal responses of injury,
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