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INTRODUCTION

Acute heart failure is a common ¢linioal problem, but the funda~
memtal cireulatory changes are difficult to study in the human because
of the difficulty of obtaining adequate comtrol dats and the emergenay
nature of the situation. The use of experimental snimsls has provided
a great deal of information on the hemodymamie affects of acute falle
ure of the heart, but there are still many unanswered questions about
this and other aspects of the problem,

One of thess aspects which has been congidered by severs] investi-
gaters ie the possibility of a change in blood volume and distribution
resulting from acute heart failure. The consideration of the pessi-
bmwofammmawmmnmm-méw;m
of the albered h-nmma following acite failure., Tms far, the re-
sults obtained have been somewhat inconclusive and contradictory.

The purpose of this investigation was to determine whether or not
mu:mmm«m:ommm:mwmm
by cardise tamponade in the doge

¥hen the heart suddenly fails, the initial result is a redustion in
eardiss output. Compemsatory vescoonstriction may maintain arterial
pressure for a time, but if cutpub contimmes to fall, arterial pressure
will also fall 4in spite of the inareased peripheral resistance. (o=
ineddent with these ohanges is & rise in systemic and pulmonary venous
pressures The resson for this rise has been debated, but ths most gener-
ally acespted explanation is that the elasticity of the arterial tree
plus vasoconstriction has resulted in a shift of blood to the venous
sides of the pulmonary and systemic eireuits.(*) With these fasts in
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mind, the possibility of s change in blood volume msy now be sonsidered.

The presemt day conoept of the exshange of £luid between blood and
and tissues originabed with Starling (2)and may be sumarized as followss
The exshangs of £luid and solutes bebween the intrevasealar and imbere
stitial compartments ocours in the capiliary beds. ?MMm_ﬁ.Qt
£inid into or out the capillary is essemtially a filtration prosess and,
tmdwa,themtsmmmnmmmmmmm
difference in pressure across the capillury wall. This difference in
pressure is the resultant of the oolloid osmotic pressure of the plasma
and the hydrostatic pressure within the espillary, The plasma colloid
osmotic pressure tends to cause s movement of fluid into the eapillary,
and the hydrostatic pressure tends to czuse an ocutward movement of finid.

mmmmwmummmthmmmwm
fy the effect of the lydrostatic pressure in the capillary on the dire
mmwrhudm-nt,mm—umarmmummm
stitial fluid causes an osmotic pressure which modifies the effect of
the plasma colloid osmotic pressure on finid movement. |

Since tissue pressure and collold ommobis pressure along the lenghn
of the eapillary will remsin fairly constant, the amunt of hydrostatic
pressure at a givesn point should determine the direction of net £iuid
movement., Thus, at the arterial end of the capillary, where hydro-
statie pm is greater than plasma colloid ocsmtic pressuwre, f£inid
mmeowozmupumm@mm‘mwmmm
where hydrostatio pressure is less than plamsa osmotic pressure, £luid
will move into the eapillary,
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* Ome of the wost definitive experiments offered to prove this fore-
mmwtmwm(”muudtuwmm
of a perfused linb as a measure of the net rate and direstion of move-
ment of transcapillery finid exshange. He was abls to vary plasms gole
loid osmotic pressure, arterial pressure and venous pressure indspand-
mtly of one another, and found that the weight of the limb changed in
the direction and amcunt that would be predigted on the basis of
Starling's hypothesis.

8ince in acute heart failure there is a fall in arterial and a rise
in venous pressure, it is possibls thal there are alterations in pres-
sure along the capillary which might affect & ¢hange in blood volume
(meW;Mwm)m%mmmMm
change, ‘

There are three possibilities conserning plamms volume in this
situstion, First, if the pressure in the arterial sids of the capillary
is Jowered more than the pressure in the vemous side is elsvated, net
£Inid movement would be imward resulbing in an inorcase in plasma volume.
Second, if the pressure rise on the venous side overbalances the f2ll in
pressure on the arterial side, net fluld movament would be cutward, caus-
ing a decrease in plasms volume. Thied, if the opposite changes in art-
erial and venous pressures were such as %o result in no change in net
fiuid movemant, plasma volume would not change.

It is very &iffionlt to predict which of these thres situations
will obtain in an amimal subjeated to aoute heart failure because of
the many uncontrolable variables. For example, the venous stasis might
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cause snoxia of the capiliary endothelium and result in a great increase
in eapillary permeability, allowing the escepe of mot only fluid but
large protein molecules as well, Furthermore, artericlar constrietion
will affect the mignitude of the pressure transmitted to the cepillaries
from the arterial tree.

To further ccuplieste the situstien, the various cepillary beds in
the body differ from one another in permesbility and perhaps in sus—
captibility %o anoxia., TFor instanos, the capiliaries in the liver are
highly permeabls to protein while these in skeletal msels are only
slightly permeable to these large mlseules, ()

It must be emphagiged at this point that the fastors governing a
posaible shange in blood volume in acute heart failure differ consider
ahly from thoge iLrvolved in a more clronic state of failure, Elood
volume in ohwonde failure is affected not only by shanges in the espile
lary beds, but aleo by sodium and water retention, Any rapid chenge in
blood volame resulbing from asute hoart failure can be only the result
of a shift of flnid botween the vascular and extravassular compartments,
with no change in the tetal body sodium o waber,

As stated earliey, the initisl effect of heart failnre is a reducte
ion in cardias outpub, There are four basie mothods for produsing this
vednotion in the axperimantal animal, PFirsh, the myosardium may be
damaged o that the heart is weakensd and can mo longer eject a normal
anct of bloods This damege may be prodused by ligation of a coron-

ary artery, by thermecagulation of part of cae or both ventriclss, o
y injection of tomis substances either imte the blood stresm or
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directly into the myocardiume. Sscond, valvular lesions may be produced
which impair the officiengy of the heart in pumping blood or which ime
pede the inflow or outflow of the ventricles, This 18 most comwnly dome
by surgically produeing a combination of pulmonic stenosis and tricuspid
inmffisdengy, bub may also be done hy other combinations of valvular
damage. Third, the venous returm or the arbterial outflow may be impeded.
Partial ligetion or cbstyuetion of cme or both vena cavae will produse
this resultbs Ihe pulmonary axtery or the acrta may alse be partially
ligated or obstructed for this purpose. Finally, by external ecmpression
of the heart, cardise filling may be impaired and outpud reduced. This
compression may be athioved by placing an irritating substasion suoh a8
eellophane or tals within the pericardial sas, resulting in chronis cone
striotive pericarditisg or by injecting findd or air into the perdicardial
san, producing aoute cardiac tamponads,

Each of these methods hae its advantages and disadvanteges, and the
various methods may produce somewhat eittmt end resulbts. Damaging
ke myocardium is relatively easy te do, but has the dissdvantage of re-
sulting all too often in rapid death of the animal 1f tho damege is too
axtensive, or mo effect wheteoever when not emough damage is proeduced.
Valvular lesions are difiicult to produce, bui will usually result in
heart failure whigh iz of the chremis type. Obebrustion of the great
veing or erteries is accomplished with sase but hag the disadvanbage
of producing & situation where the animel 13 jurt on the borderiine
betwean 1ife and death before a complete syndrome of heart failurve ia
produced. For emample, coclusion of the pulmomary swbery wp to 60F of
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its cross ssctional area has no effect on systemieo arterial o venous
presmire, but when a slightly gresbter occlusion is produced, venous
pressure rises, whils arterial presswre falls precipitously and the amde
mal my die very suddenly.(>) Constristive pericarditis may bs prodused
quite eagily but takes seversl weeks to develop, producing chrenic heart
f£ailure. Cardisc tamponade may slso be produced sasily and has an ad=
vantage that none of the otker methods have; namely, that the arterial
pressure may be controllsd quite precisely by adjusting the volume of
flnid or air within the pericardial sas.

For the purposes of this investigation, & method wae desired whish
would prodnos aguie failure. Furthermore, it was desirable that the
degres of rediction in sardiac outpub could be controlled to some ex~
tent, If any chenges in blood volwse did result, it would be further
Wmmmumthomnmmmmmm
wm.ushn ciroulation regained ibte normal status. The mothod
of sardise tamponade seemad to meed these requirements better than any
of the others and was, therefore, employed in this investigation.



Roview of the Literabture

This section is divided into two parts. The first parb will be
minlycomdwmzwrkwm«hhaebmdmm‘hmanﬂam
in cardiss tawponade. The second part will be a review of investigae
tione dealing with blood volume changes in asube heart failure.

mmmmmrw.tmrmmtm
pression of the heart in lumen beings can have serious consoquences
has been recognised by clinieians for at least two csnbturies. The
first written observations on acute cardiac compression were those of
the Italian anatomisb, Morgagni, (%) 4n 1751, He moted that the peri-
cardial sac was often distended with blood in persoms dying after ve-
celving penetrating wounds of the heart, and coneluded that death in
 thene cases was not caused by the heart wound iteelf but was due to
compression of the heart by blood whigh had escaped from the wound. In
Iﬁﬁhgtiumpwmm,(é)pnuutnumindmm
which death was dus to acute hemopericardiume Ubilising the Frensh
word "tesponade¥, meaning compression, Rose coined m tern "hers tamp-
onade® to describe sases such as these.

Cardiss tasponade in the Imman is manifested by several aigns
whieh are related to changes in hemodynamios. The three prineiple signs
exmhwmmmmmwummmmw
Muw‘ih‘iﬂ.‘ The triad consists oft 1) falling arterial
pressure, 2) rising vencus poidsure and, 3) & smell quiet hesrt., Pat-
jents with tamponade will alse usually have a weakeming of the arberial
pulse during inspirstion and a strengthening during expivrstion. This




variation of pulse strengbh with wespirstion is an exaggeration of a
norpal phyelclogioal event kmown as "pulsus peridexicus® and is oone
gldered pathognomie of cardise compression.

Clinical cases of tamponads are almost alweys dus %o & penetrabe
ing wound of the heert, but msy also be due to & rapid ascumlation of
1214 in the pericardial sss. BSetween 100 snd 200 ce. of blood er
f1a1d in the sac Will produce signs of tamponads in the adulh human if
mmwmﬁm iavrapid.(?)ibtvwﬁ.wm:!.a quite dige
tmmaﬁwmmumehanlwzutmﬁ%&mm
of accumilation is slow, Chronic cardiac compression usually resalts
from & slowly acoumilating perieardial effusion and is complicated by
£luid and elestrolyte retemtiom. Beok points out that the signs of
aoute wnd chronle compreseion differ in that patiemts with chronic come
prmimﬂnimwmﬁumdamnmumumam
venous presgure.

Erperimental work on eardiasc tamponade has bean dons for a varisty
of yeasong. Earlier investigsiors were interested mainly in the causes
mﬁmltaaﬁthahmm.‘mm!aﬂhumm
cerned with the effeets of tamponade on respiration and metabolism, and
with attempte to improve the therapy of tamponade in cliniedl eases.

The earliest experimental work done on tamponade was by the Ttalian
physiologists, Iuciant snd Stefani, in 1871.(8) These investigators were
primarily interested in the setion of the vagus in modifying the dia~
gtolic sige of the heart. In order to study this problem they needed
some means of beringing the cireulation $o a temporary standstill, afber
whigh they could stimlats one or both vagl snd determine the effect on
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the ciroulation. Thay made s perieardial fistula in dogs and connected
the pericardial csvity to a pressure bottle filled with saline., Carctid
arterial and superior vema cavel pressures wers recordsd. Whem fluid
was allowed to flow inbo the pericardium, the venous pressure incressed
and the arterisl pressure decreased. When enough £luid had been iwmtro-
duged to stop the eirculabion, the arterial pressure fell to 15~20 nm.
Hg. and the venous pressure rose to 12-16 em. Hp0. A% the moment that
eirealation oeased, the wvagi were stimlated, and it was noted that
arterial pressure rose. The gonclusion of these investigators was that
the vagus exvites sctive dilatation of the heart, allowing an incressed
diastolic volume to be accommodated which, when empelled, will eause a
rise in arterial pressure. This conslusion is not temable in the light
of more recent information conosrning the sstion of the vagus on the
heart, but a discussion of albernative explanations is beyond the scope
of this paper. |

The first detailed work on hemodynamic changes in cardise tampon-
ade was done by Starling (?) in 2897, Starling was imberestod in pres-
sure changes ocouwrring in various parts of the ciroulation as & remld
of asute heart failure. He employed dogs in his investigations, inject-
ing measured amounts of oil into the pericardial sas and obssrving the
changes in pressure in the portal vein, vena cava and carotid artery. In
8 typiecal experimenmt, the injection of 20 suble cemtimeters of oil had
no effest on any of the presswres. An additionsl 20 cc. eaused a slight
rise in caval pressures with no change in arbterial or portal pressure,
Thirty additional cubic centimeters caused a further small increase in
ocaval pressure, a slight increase in portal wvein presswre, bub still no



Figare 1

mﬁ;gmmmawmt-hummmw
e

MAP » mpan srterisl pressurs

PVP = portal vein pressure

VCP = inferior vena caval pressure

IV » intrspericardial volume

Nean arterisl pressure is read on the laft ordinate in mm. of

meroury, Portal vein and inferior vena caval pressures are read on
the right ordinate in mm, of MgSOhe
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1l
changs in arterial pressure. The addition of 20 cubic centimeters move,
mldng a total of 90 cubis centimeters, caused s marked change in all
pressures. Arterial pressure rapidly dropped to half its criginal value,
ani portel vein and saval pressure rose msrkedly. Circulstion stepped
completely when 10 additional cubic cemtimeters of oil wewe injested. A%
the moment that circulation stopped, all pressures were approcimately the
53Me

Azwmmwpmmmmm the 01l was com=
pmmmmwwmmo As soon as circulstion rew
commenced, arterial pressure rose far above the original control level,
foll repidily to alightly below control and then gradually returnsd to
normal. Vens caval pressure guickly fell to the control level, but pert-
al vein pressure rose to almost twios the lewel it had adtained when
circulation cessed. After this marked rise, portal pressure retwurned
slowly to normal.

The preceding dsta are summarised in Figare 1.

Btarling's explanation for these pressure changes is as followss
Arterial pressure is maimbained by peripheral vasoconstriction until
cardiac oubput is oo low that arterial pressure falls, When the cireu-
lation ceases, the pressure throughout the vaseular system is the sams
=~ this pressure is kmown as the mean systemic pressure. After the tamp-
onade is remved, arberisl pressure overshoots ite ariginal level bee
csuse of the imoreased periphewal resistance due to vascconstristion.
Portal vein pressure rises because of vascconstriction within the liver
mmanmmmmmmrMthmmm
ade is removed. Both arteriasl and portal vein pressureSreturn to normal
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a8 gradual vasodilation occurs.

£m0,¢1%) using a heart lung preparstion, confirmed Sterling's obw
gorvations and in addition studied the schanges in intraperisardial pres-
sure during tamponade. FHe noted that when intrapericardial pressure was
inoreased envugh to equal the pressure in the great veins, oireulation
mmugmwamm;mmtﬂmmmmtmm
memummrﬂm‘mmmmwtpﬁinh&am
parations and found that it began vo drop as soon as the first small
inerements of fluid were added. Further addition of finid caused a fur-
ther drop in eutput.

?rum-mmpwm,ww“h;ammmﬂn
were measured by Metoalfe (1) 1n doge using the catheterisation techni-
que. As the intrapericardial pressure was increased, pulmonary artery
pressure began o fall and pulmonary venous and right atriasl pressure
began bo rise. When the degree of tamponade was sufficlent to halh eire
eulation, Hetoalfe noted that pulmonary artery and venous pressures, as
well as gystemio arterial and venous pressure, approashed the same value
of sbout 20 mu, Hge (mean aystemis pressure) |

 nerdieh (32) nag divided the hemodynamio shsnges during Laxponsds
into four phases. The first phase starts with the imtroduotion of fimid
inte the periecardial sas and contimues until twowthirds of the meximmm
volume which can be ascommodsted by the sac has been intredused. During
this phase, there is cardiscacceleration, progressive deerease in stroke
volume, cardiac output and pulse pressure and an inorease in total perie
pheral resistance. The segond phase beging with an addition of a further
small volume of flnid and is characterised by a precipitous drop in
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arterial pressure and the abrupt onset of bradyoardia. The veason
for the bradycardia is not clear sinse it persists after vagotomy,
but diminished eoronary blood flow may be & contribubing cause. Phase
three occure when encugh fluid is added to csuse cardias output to
Mh-wﬁiuuymnﬁ Beart rate mnd arterial pressure are
lowest during this period. FPhase fouwr 13 the recowary period after
the removal of the pericardial fluid. In this period, heart rate and
arberial pressure return 4o normal, but pulse pressure and cardias owbe
et are not quite restored.

Bxperisental work on hempdynamic changes in agute tamponade has
repulted in two sehools of thought concemrning the fundamental elrouw
latory defect. Cohmhedm (13) in 1889 stated that the inerease in
intraperioardisl pressure csuses an obetrustion to the inflow of blgod
to the heart at the point where the great veinse enter the pericardium,
and that the fall in eardiss output was due to this diminished venous
inflgw.

Beck {7) surrenbly supports tnis view on the basis of his observa~
tione that the inmtrapericardial portions of the systemie snd pulmonary
veing appear eollapsed when inbraperisardial pressure ie inereased,
vwhils the extrapericardial portions of these veins appear distented.

Another viewpoint was imtrodused by Starling (9) who consinded
that there is en interference with diasbolie axpansion of the ventrie
eles hy the increased intrapericardial pressure, resulting in decreased
vertricalar filling and compequent decreased output.
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1sance (%) had recently presented evidense that this hypothesis
is probably correct. He found that there was no msasursble pressure
gradient between the vena cavae and right atrium or betwsen the pulmon-
ary veins and left atrium. Parthermore, when effective venbricular
f£11ling pressure was saleculabed by subbracting irtrapericardial prep~
mre during veniricular diastole from mean atrial preseure, it was
fomd that effective filling pressure was greatly reduced. Isaass
fesls that the decreased affective filling pressure of the vemtricles
r-nlumaMMmﬁb&whmdnmnﬁm
of contraction in amﬁun with Starling's law of the heart.
Nerliehts (12) observation that pressure in both the atria and
ventricles is elevated at the end of ventricular diastole would support
thcuwﬂ#m&wminmmtputilha%ﬂmm&xm
dlastolic ospasity of the hearb.

Studies of pressure changes within the heart during tamponads also
mmemmmmmhmmmmmu |
reduoed. This reduction in intrapericardial pressure facilitates atrial
filling by inereasing the pressure gradient betwesn the veins and atria.
As pericardial pressure is increased, ventricular filling is reduced and,
econsequently, ventricular systole resulds in & A-].'I.lr doorease in pari-
oardial pressure and an attemuation of the facilitating effect on atrial
filling. Werlich peoints oub that this situation leads to a visious
gycle which eventuates in a veduction of cardiss output and arterial
pressure to the ariticslly low levels. This ayels is diagrammed ss fol-
lowss



Dimirdghing venowatrial gredient
attenuated facdilitating effeet
decreased gystolic M/Lhrﬁﬁ ‘
The ocanse of the ¥pulsus parsdaricus® cbserved during tamponads
has been described by Kabs.(25) He found thit whea the pericardium is
distended by I[laid, the intrapericardial and intra-surisulssr pressures
vary less during respiration than doss the pressure in the great veins
oubside the pericardium. Thms, during inspirstion the pressure in the
great veins drops markedly while the intrepericardisl pressure changes
only slightly. This resulte in & lowered pressure gradient between
the great veins and the right atyium, which leads %o a decreased inflow
of blood to the heart and a consequent deoreased outpute During expira-
tion, the pressure in the great veins inersases, causing an increased |
pressure gredient and an inereased venous inflow with a temporary ine
arease in subpub,
Some mention ghould be made of chgnges cbeerved in respiration and

renal hemdynamiss during tarponsds. Respiratory minute volume is ine
oreased markedly during mw‘m) The arterisl coxygen sabe
uration remaing normal, but the vemous saturstion drops so that the
arteriovencus oxygen differense is insroaseds(l’) The alkali reserve is
deereased and the blood lackic aeid is inercased.(15) Thess changes ine
dicate a stagnant anoxia on thw basis of heart failure.

Post({38) investigated the ehanges in renal hemodynamies during
tarponade and found thut as cardise owbput fell, renal resistance ine
sreased. However, the total periphersl registance insreased more, so
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that the renal fraction of sardise oulput wes inareased. Glomernlar
filtretion rate and remal plamm flow decreased. Sodium reabsorption
ineressed, and Post feels that this is due %0 the deereased sodium lesd
resalting from the deeveamed filtration rate. [Howevar, the inersased
pressura in the remal veina may alse eontribute to the incresse in sod-
jun vesbeorption. 1)

The preceding information on changes dioring tamponade is summare
iged in Figure 2.

Blood Voluw Glunges in Aoute Heart Failure

Qlinieal gbudies. MNany investigators have studied blood volume
changes in patismtewith heart failure. However, most of these pationbs
have besn in chronlc congestive failure in whieh the blood volume is
elevated by sodium and water retention,

Thers is relatively littls information available on blood volume
changes in asute heart failure in slinical cases. The mein reason for
this is that these cases are all of an emergangy nature and little time
is available for doing volume studies. Furthermore, adequate contyol
data are almost impossible to obtain. Many of the patients with aetbe
heart failure have pre-existing chronie failure after the acube episods.
Alwost all of the cases studied have Mad soute heart failure Mtom-

cnary oeclnmion,

Agress (20) has reported blood volume measurements in a group of
patients with coronary oovlusiomn, Bim:iﬂadﬂm;mumugm
sm, moderate or non-shook. Venous presmire was eiticy normal or
somewhat elevated in all three greups. Blood volume studies were dons



Figure 2

A summary of the hesodynamic and rensl consequenses of cardiae
Samponade.
HAP = sean arterial pressure
IR =» total peripheral resistance
RFF » penal plasma filow
PR » glomssular filtration rate
This chart was prepared by v, Clare (ray Peterson.
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HEMODYNAMIGCS OF CARDIAC TAMPONADE

INCREASED INTRAPERICARDIAL PRESSURE
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and ventricles

v
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pressure gradient
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Attenuated facil-
itating effect of
ventricular systole
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DECREASED CARDIAC OUTPUT
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Increased TPR |«——| Decreased MAP Increased venous
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Na and H,O retention
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with T-182k. The patients with sovere shock had lower T-182k spaces
than the other groups. After resovery, their biocod volumesz inreased
by 168,

Stead and Ebert(21) foumd thet petiemte in saute failnre had o
elightly lower T=1824 space than norwal pebients. Theve was soms ovie
donee of hemoconesntpation, singe ths hemabosrit and plasme protein
values ware plightly higher than nermal. Most of Shelr patients had
pulvonary ademu.

Camsron(22) peports 1ittls shange in T-182h spese over a period
of memlmhinpaﬂmlwhnhudamu fallure at the time of the
initial mesasurement.

One group of pstients with cardisc tamponade from stab wounds of
the heart has been studied by Warrenf23) There was no significant
ghange in hematocrit valunes after treatment. No obher studies dealing
with blocd wvolume were done.

Experimental studiss. There is a large amount of Mfamtian in
the literature on blood wolume gbudiss in animals with experimentally
prodused heert failure, Here again, as in the cliniecal studies, most
of the work deals with heart failure of the chrenie type. However,
some® work has been done on volume studies in aecutely produced fallure.

Hemodynamie and blood wolume wmdngaremm_gmnp-
tion of the left anterior descending coronary artery have been studied
by Gross and Mendlowite.'2t) Gardiae output was found to drop consider-
abiys but there wes only a slight drop in arterial pressure and s slight
ise in venous pressure. These changes ooourred a fow mimites after the
ligation and persisted for sbout 2} hours. After this interval, the
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dogp either died or recovered cerpletely. The hematoerid and plasmn
protein values ingreased slightly one to twe hours after the ldgation,
Plaama volums mossurements with conge red indicated s slight decrease
in the same t'me period. |

The effocts of an injection of gine hydroxide directly into the
syosardium of dogs have bean m&stﬂgatmhy Be;ym.(“} The ging
hydroxdde prodices an ares of myoesvdisl nesrogis snd conmequent heard
failare if the aves is ?&atga enoughs Most of the injections were made
into the wsll of the 1lof% wentricle., Cardlas output, measured by dye
dilution, and srterisl pressure fell markedly soon after the injectiom.
Plasma volume was meamured with T-182 before and about three hours
after the injection, using an & mimte mixing peried. The results ine
dicated a f£all in T«1B82) spase of sbout 14 mi/RKg. Hemmboerit velves
roee from 5«107, and the calenlsbed red eell volume did not ehange.
Mayers contludes thet acutely developing hypotension ig similar o
traumetic shook in $hat candise output and plagme volume fall pari
ER

Mo wark has been done spesifically on blood volume changes in eard-
iag tamponads, bub some of the deta in the literature suggest that there
my bhe shanges, cmm(l?)-m tamponads in cata fox the purpose
of investigating the problem of shogk, He notod that theve was a 5207
drop 4n the hemaboerdt valoss in one to three hours, and suggests that
‘this mesy indicabe hemodilution.

Bnrnns(g) neasured limh volumes with a plathysaograph during his
@perimnts, and found that the lisb volume desreased daring tamponade.



20
His interpretation of this finding is that the pressure in the capil-
laries and small veins is directly proportional ¢o the arterial pressure,
so that when arterial pressure falls, limb volums also falls due to the
lowered capillary pressures



Bgperimsntal Preparation. longrel dogs weighing between 9 and 15
Ig. were used as experinemtal animmls., Cardiac tamponade was produced
in these animals by injection of normal saline inte the pericardisl sac
through a polyethylene scatheter.

The surgical preparation was as follows: anesthesia was prodnced
by & dose of 30 mg/Kg. of intravemcus nembutal, The chest was opened
through an incision between the lith and 5th ribs and respiration meine
tained by a mechanical respirator connected to an intratrasheal tube o
a tracheal cammla. A smll cubt was made in the pericardium and a silk
purse-string sutwre placed around the edges of the out. The polyethy~
lene catheter (sise PE 190) was then inserted through the cub and the
purse-string subturé dramm tightly around the eatheter and tied.

In the first few dogs, the catheter was installed one or two weeks
prior to the astual experiment. The distal end of ths catheter was
brought out through a stab wound in the anterior chest wall, sutured to
the skin and the chest wall closed, It was felt that this procedure
would allow the dog Yo recover somewhat from the trauma of the operstion
and would also save time on the day of the experiment. The dogs all re-
coversed well from the operation, bub the proecedurs was abandoned becauss
mny times the catheter was found to be plugged with f£ibrin or was lcink-
ed and Wroken off inside the chest.

The most satisfactory method was found to be installation of the
catheter at the time of the experiment. Usually, the chest was left
cpen Unroughout the experimant and the animml maintained on artificial
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vespiration, In a few instences, the shest was olosed and the animal
allowed to breath spontanscusly.

%mMMrﬂhwpmdﬁam@hﬂlwczw
in eash dog. This could be done by producing the same rise in venous
wiﬂmiu&ﬁwumwhm:&h“ﬂwumm
cach experiment. Since arterial pressure was the easiest %o recoxd
mphiun:, iﬁmmﬂasmiﬂnmmm'dnmm—-
barrasement, Femoral arterial pressure was recorded with a citrate~
mereury menometer, writing on a slowly moving kymograph drum. Saline
was injected into the intrapericsrdial catheter from a large syrings
umbil mean arterial pressure was spproximately fifty per cenb of the
control level. This level wes maintained by the addition or sublract-
ion of small inorements of fluid as required. The tamponade was maine
tained for thirty mimutes to two hours. A% the end of this time the
w was disovntimied by aspirating $he saline from the intra-
pericardial ostheter with 8 Eyrings.

A1 blood samplss were arberisl and were withiram sither from an
indwelling Cowrnand needle or s canmla tied into the femoral srtery.
Hwinmumdaammtimhm.

Experiments were performed on & total of 23 dogs. Five dogs wers
-pmmmatmmwmwuuwmwt&mm.mm
dogs were splensetomised at the time of the experiment.

Yolume leasuremsnts
Qeneral disgussion An wnlmown volums of f{iunid may be meesured

ty the introduotion of & known amcunt of a substanse into the fluid and
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then measuring the soncentration of the substance after it has digw
tributed iteelf throughont the wnimown volume. This preesdure utilises
the diintion principle of volums measurement and may be expressed in ,n
equabions _

GiVi= 0272
in which 0y = consentration of substanee in ite vohiele solution
¥V, = volums of vehiele containing substansce
{2 = gonsentration of substanes in unknown volume
V2 = mlmown volame
The unlmemn volume ¥z is then egnal to the mm of €3 v1/ C2.
When measarisg fluid compartments in blological systems, the produst of
€y V1 is knomn as the doss, and the volume of the unknown compartment
is then equal to the quotient of dose/Ca. |
The substances used in meaguring body fluid compartments are usuale
iy fereign chamieal compounds whiegh remain in the compartment, or iso-
topes of elsments which normally are found only in the compartment %o
be measured.(2®) Tmus, total body water may be messured with dewberium
oxide or antipyrine, and extruselinlar £luid volume with sodimm thio-
cyanate and rediscastive chloride or Womine gompounds. Plasmwa volume is
meapured with substances which will attach to the plasma proteins and
tims theoretically remain imtvavassularly. T-182) (Evans blus,) ri3l
albumin and Gs5* Clp eve used for this purpose.(26 27) pu182) amd 0251
Gly both are bound o plasma albumin whon injected into the blood strean.
Bed oell wlqm may alse be msasured hy ubilising compounds which are
taken up only by the red cells. OCarbon monoxide is the only none
radicastive substance used.(?8) Radicactive isotopes used to tag red
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0115 inclnde P32, P md ar5L.(28) For red cell tagging, the rSl
18 in the form of sodium chromte,(2?) |

Fluid compartment measuremsnt is complicated by two main factors:
1) determination of the time required for mixing of the injected sub~
stance and, 2) esospe of the substance from the compartment which it
is supposed to measure. Ideally, mixing time may be determined by ob-
serving the time required for the concentration of the measuring sub-
stance to reach a constant lovel. This is possible only with red aell
volune measuremsnts since the ¢ells do wot escape from the vasmlay
compartment,

The subsgtanse used to measurs plasma and extracellnlar fluid vol-
ume do escaps fiom these compartments, tims maling the determination of
wixing tine wove dierseuis,' 2% sy iy especially trus of plamm
volume debtermination, einpe albumin lsalks oubt of ¢ertain parts of the
espillary bed, sueh as the liver, wther repidly. If the disappearance
gurve of labeled albumin is plotted graphicslly, it is evident that at
least two rates of disappearancs are involved. The initial rete of
digappearanne is rapid snd is consideyed Yo pepresent mixing of the tage
ged protein within the vascular compartment, This mixing tims has been
sstimated by various investigators to ba from less than 60 seconds to
10 mimites.{2) The sseond rate of dissppearance is mich slower and is
felt to represent the escape of albumin from the blood stremm. Thus,
*&hﬁ entire dissppearance curve of labeled albwmin is exponential in type
and 4¢ plotted on semilogarithmie peper will bo a sbraight iine.

The most widely used mebhod of determining the coneentration of
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lsbelsd albumin when it %8 completely mixed in the plasma is theb of
ﬁrﬂgarssa.(n) The dipagpearange ourve is plotted on semilogaritimis
paper and the straight line is axtrapolsted baskward %o sero time, The
sopeentration ab sero time is considered to be that eoncemtration whieh
would result 12 the albumin were mixsd jnstantaneously thrcughout the
plasma volure, ’

Another wathod used siwply aasumes thot mixing is complote by ten
mmrtes gnd that esgaps of albundn is negligible in this tim.(%) This
method is, of course, invalid if wixing is prolonged dus %o slowing of
the edroulation o any other canse.

The prineipls of baglorard extrapolaiion of the dissppesvance curve
may be employed with substances used do determine extrasellular fiuid
volume, Sinee mixing in this compartment secms t¢ be complete by sixby
ninutes, coneentrations ab this time ave usually used in debermining
the yoluns insbesd of eonstrusting & disappeacance curve,(32)

Changes in plasma or extracellular fluid volume may be measured hy
one of two methods. The first method assumes thet the total amount of
the measuring substance present in the compartment does not changs and
$hat only the volums of the compartmesat u:wa..(n) In this method, &
eontrol dissppesrance curve is congtructed after a single injection of
the msasuring substange. This curve is then extrapolated backward for
the sero tims consentration and forward for the predicted consentrations
during the time when the compartment volume is expected to change. If
the observed eonsentrations £all above the formard extrapolsted partion
of the ourve, this is interpreted as meaning that the compartment volume
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mugt have decroased, The reverse s ﬁs%m il the ohserved concentrabions
fail beiow the carve, Clunges in volume are then calsulated by She egue
tions

Volums ab time & » Prodiebed goncentrabicn at time & x Volums at sexo bime
connen on & o

The dissdvantage of this method is that the measuring substance may
escape from the compertment ab the see time that the volums chanpes. This
would cause & desrease in the concmmtration of the substanse and o falsely
high value for ths compartment volume, _ |

The seeond methed of determining volnme changes will nobt be affect=
ed as mich by changes which may ocour in the total amount of the measuring
subgtanco present. Thie method depends on the re-injection of the measur-
ing substonce ab the timm when the volume is expested to change.(33) Dis-
wmnmwbémuhwtﬂferhﬁtheiﬂt&d@#ﬂm
meagurements. The concentrstion of the msamuring substance is determined
just befors the re-~injection snd subtracted from the compentration after
the injection %o give the conesmtration of the substance resulting from
the new injection. ’

M?uhummwithfdﬁw Plasme volume was meagured
in 13 dogs with T-182), uwsing either the singls or the re-injeetion method
for estimations of changes in volume. The T=182) used was from & single
lot with & pesk absorpbion at 610 mu. The concemtration of the injected
dye was 0s57 and the dose was usually 0.0h oe/Kgs A wolumetris pipette
mumdtemth-deumtmburﬂmm.wam-
way stopoock. This stopsook was attached to a needle placed in & vein and
to a second syringe. The dye in the smyringe barrel was dramm into this
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second mringe and then lujected throsgh the sbopeosk 2nd ncedle inte
the veine The gyringe barrel wes sinsed several times with saline
wileh was also injected in order to wash any dye remaindng In the stop-
goek or nesdle lvic the wedam.

Disappearanse gurves ware construsted Wy determining dye contenira-
tione of ssmples drawn abt ten to fifteen mimute istervals for thirty
to sixby mimtes. The optical density of dthe dyed plasme samples was
rosd ab 610 mu, in o Bscksan medel B spectrophotometer mnd the dye con-
cantrations debermined from a standard ourve.

Since the volune of distribubion of P-152 albumin appesrs to be
larger than the true plases volums, the term "Pw102L space" will be used
in thds paper. The tera "plasms volume® will be used to rafer to plasms
voluse ealsulsted from the Or°l red call volume.

Ge51 rod 0oll volums messurememts. Red oslls tagged with OrSl ware

used %o seesure yod ¢sll volums in 13 dogp. nu‘m..orbmdm:ﬂrn
from the dog the day befors the experimant and incubabed with 25 no/Kg.
of body welght of HagOr®l(), (Reshromste, Akbott) for one hour ab 37 O
The oslls ware then washed, resuspended in normel saline and stored over-
uight in the refrigerator. The next morning the cells were washed again
with galine, resuspended and drewn into the ayrings to be used for ine
Jastion.

The dess of tagged gells glven wes detamnined, using 2 method worked
oub by Dr. Tyra Srbohens.(38) A standard solution of CrSl was prepared
by plscing approxinstely the sams amoumh of Gro) ag had been incubsted
with the gells in 5 oo. of water and drawing this solution into the same
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sige myringe used for the lagged eclise sobh myringes were then oount-
ed 4n sxactly the gene poslilon above a welletype seintillation oounber.
The syringe containing vhe standard solubion was tnen ewptied inko &
500 co, volumolrie flask mad the ¢ells in the other syringe were givea
intravenously to the dog. Bobth emply syringes were then occunted in the
same position as before. One oo. of the diluted standard selution was
plaged in & counting vial and counted in the well ehamber, The coumbs
per seoond obtained from this vial were then mltiplied by 500 to give
the total oonnbs/sec. present in the standard, This quantity wes multie
plied by the ratio of the eounba/ses. of the full mims the emphy dose
syringe s the oounta/sec. of the full mimug the empty standard syringe
to give the dose in counts/mes. injected into the dbg. The equation for
the saleulation of the dose iss |

Dose in cps = gpe fi1 dose eyringe-cps onply dese syrings x total cpe std.
ops ¥ s =3p8

Blood samples were drawn after a fifteen or thirdty mimute mixing
peried, Samples were also drawn at various times during tanmponade. In
6 dogs a second injection of eells was given during tamponads, Both the
first and seoond dcee weve approximately the pame. Blood esamples were
thoroughly mixed and ome 0. carefully pipetted into a counting vial come-
taining two 8. of water. The vials were counted in the same mamer as
the standard vial. |

Total blood volumes and red cell volumes were calsulated by divide
ing the dome by the counte/ses./es. of whols blood and red cells reos-
peckively. The eps/cc. of red eells was ocaloulsted by dividing the
epsfos. of whole blood by the hemstoarit., Vhen a second injection was
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agedy the un/oc. of red cells resulbiang from thls injecilion was de-
Serulaed by sabbracting the opafec. of red cells beforg the injection
fron the total cps/oc. of cells afber the injection, Nixing after the
second injeobion was assumed to be eosplete when the epsfec. of red
eslls reaghed a gponsbant levels

Extracellular f1n3d volume messursments with thiogyamate (SCH)
Disappearance guvves for SON were established during the combrol pere
lod in L dogs. The dose given was 04 co/Kg. of & 5% solution of Ta
5CH and was measured with & volumstrie pipette. Sauples were drama ot
fiftesn ninute inbervals for sixly minutes before tamponade was stert-
ed, and ab twenty mbwbe labervals during tamponade. Changes la the
SCH space were estimated by comparing the observed to the predicted
oontentration from the extrapolated control surve.

Twerky per sent trichlorcasetio asid was added to the plasma
samplea to precipitste the proleins. [ive per eent ferris nitrate was
added Yo the supernstent solution for color develspment, and the ssmplss
read at k70 mu. in the spectrophotomster. SCH concentrations wers obe
tained M a standard ourve. |

Flams proteln determlnations. Tobal plasms probein was deber=
mined on samples drasn at various intervals before, during and afber
tamponade in 17 dogs. Weichselbaunts(35) modifiecstion of the bluret
msbhod was useds This wethod was standardised by the use of solutions
whoss probein concentration had been determined hy the miere Kjeldahl
tochnigques

The differense required for significsnce at tie 0,05 level was de-
ternined to be+0,16 (m.§ for the Welchselbauwn method,
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Hematoorits. The hematoorit of all samples obtained from 21 dogs

was determined by plasing the theroughly mixed bloed in Wintrobe tubes
and centrifuging at 3000 RPYM for thirty mimtes. No correction was made

for trapped plasma,
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EXFERTMENTAL RESUIZS

This section will be divided into two parts. The first part will deal
with the results obbained in the unsplenectomised group of dogs, and the
pecond part will hllwith resalbs obtained in the splanestomised group.

The various detetarminations deseribed in the pregeding section werse
not done on all of the dogs. In#rﬁtaaroldeonfuad.maatotm sise of
the experimental group involved in sach determinabiom, the following tabu-
lation is presented:

Pobt., HORT. Single Rednj. SCN Tob. Single Reinj.
Hoe Tﬁo Tm Prote gi m‘ﬁj
Dogs 2l =
UNSPLENECT, ¥ 15 9 3 k n 3 3
BPLENECT . { 1 1 6 1 3

A complste tabulation of data is given in the appendix.
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A Unsplencstomised Dogs

T-162) spsce measurements with @ single injection. The initisl
axperinents with 7-182L were done using the single injection technique.
A control dissppearsnee rate was egtablished with at least three samples
dram ot ten to fiftesa minste intervals. Temponads was hem produced
‘and samplos drawn every ten to fifteen mimutes for an hour er more.
After discontimmation of the tamponade, one or two more samples were ob-
tained over an hour perioed.

The disappearence curves obtained in § dogs were of three types.
In the first type,; the obssrved concemtrations of the dye during tampon-
ade fell consistently sbove the extrspelated control disappearanse eurve.
The caleulated T-182l spase from the cbserved consembrations showed a
substantial decrease from conirel lsvels. Five dogs showed disappear-
ance curves of this type. Control 7-182k spaces in these dogs renged
from 3 %0 59 ee/fg. and the caleulated deerease ranged frem 7 to 10
oo/Kg. after forty-five to sixty minutes. The T~182) space appsared
0 remain lowared after remowal of the tamponade.

The opposite direstion of change was shown by the second type of
eurve observed in 2 dogse In this {ype, the obsarved dye eoncentre=
tion fell consistently below the extrspolated econtrol curve. Control
T-182} spagee in these 2 dogs were Ll and 48 co/Kg. 2nd the caleulated
ingrease was spproximetely 10 oo/Kg. in esch dog. In one dog, the dye
ooncenbration remained below the extrapolated curve after removal of
the tampenads, and in the other, the contentration returned to extre~

polated valuss.
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The third type of ourve was also observed in 2 dogs whose T-182)
spaces were i} snd 57 co/¥g. In this type, the cheerved dye consentram
tion coincided with the extrapolated contrel murve, indisaking no ehangs
in T«132h spase.

There wes no apparent differencs in the experimsntal preparation
of thess three growps of snimals or in thw econtrol levels of arterial
pressure. A satisfactory degree of tamponade was obbained in all of the
dog;, and the mean arterlal pressures during tamponade were approximatew
ly the spame, flome of the dye samples were vieibly hemoliszed and all mom-
trol plagmas were elear. The dosage of dye on a weight basis was aquiva-
lont in all grewps. It should be further noted that the hemmtoarits in
all three groups chowed the same direction of change,

Tmmmuofmmmmﬂpnlﬂntatimmwm
Figure 3.

In view of the ineonsistency of the results with o single injection
of dye, this method was abandoned and the rewinjection teshmimue used
instead. The results obtainsd with this method will be discussed in a
later section.

Hematoerit ghanges, Hemstoorits were detemined on each blood
sample obtained in 15 experiments. In all of these experiments the heme~
toarit showed a marked inerease after tampomede. Usually, the ingrease
reached a maximum point hy ten minubes after the tamponade had been proe-
duged and melntained this level for the duration of the tamponads,

The range of the per cent ingrease of the hemstocrit above conbyel
levels was quite large. In the first ten mimites after tamponade, the

range of the per cent increase was from + 5% to + 508, This wide range



Figure 3

Three types of T-182l disappesrense gurves obtained furing
cardiae tamponade. HNobte that in the first graph, the dye concemtra~
tione during temponade soincide with the forward extrapolated pore
tion of the control curve. In the segond graph, the dye concentra~
tions fall above the exbrapolated control curves while in the third
graph, the congemtrations fall below the extrapelated sontrel curve.
The directiom of change in the hematosrits and total plasma protein
was the same in gll throe dogs.

This figwre demongbrates the unreliability of the extrapolation
msthod in extimeting changes in plasma wolume in this type of eperi-
mente



THREE TYPES OF T-1824 DISAPPEARANGE GCURVES

0.70
0.60

0.50

0.40

0.30

0.70

0.60

0.50

10 20

Time

30

-.-.-- X\x ’
T ——— XeoXo V1 ___x
- Dog 19 B Dose 5.0 mg.
A Hert.= +11 %
i A Protein=-0.25am% Tamponade
1 | 1 1 1
10 20 30 40 SO 60 70
Time in min.
s
| X\x~‘
= ‘~~~‘~_ X
Dog 9 Dose 5.0mg. = i
L A Hert.=+ 1% €«<——— Tamponade >
A Protein=-0.40gm%
1 1 i 1 1
20 40 60 80 100 120 140
Time in min.
"~“‘X\
X\___.
- B R
i X e
Dog I7 Dose 2.5 mg. X
AHcrt.=+15 %
A Protein=-050gm%<———Tamponade ——>
1 J | 1 ; i

40 50 60 70

in min.



35
was typleal for samples drawn later during temponade. The mean pars
contage ineroase over gomirol levels st ben minutes after tamponade
was 19.0%, and at twealy, forty and sixty minutes, varled only slighte
ly from $his level.

After the tamponade wes removed, the hemaboeril sppeared to drop
somewhat but seldom returned to control levels by one hour. The msan
per cent inareass over the original comtrol level was aboubt i ab
both thirty and sixty minutes after the removel of the tamponads.

Thewe was apparently no correlation between the original conmtrol
level of the hematoerits and the percenbags inerense during tasponads.
The conbrol hematocrits vs. the percsutage insrease are ploitted van a
scatber graph in Figure hA. |

The mean ehange of the hematoerite in bthe wsplenscbomized dogs is
shown graphically in Pigwre 5.

1132} space mrasuresents by ro-injechion. Flasma volume during

tamponade was meagured by re-injection of T-1024 in 3 unsplensobomised
dogs. ‘The combrol T=182l space was determined by injecting a dose of

dye and esbablighing & dissppearante curve over & peried of thirty min-
ubes, using blood samples drawm ab ten minute intervals. Tamponade was
mmmm-mmmv one hour or more. Dye was re-injected
at times ranging from twenty to eighty mirutes after the starb of the
tamponads. A blood sampla for dye determination was drawn immediately
before the re-injection. 4 new disappearance rate was established hy
drewing samples at ten to fifteen mimute intervals for forty mimtes or
more. The new volume was determined by extrapolation of the disappearanse



Figum k

As A gomparisen of the eonbrol hematocrits and the mean percentie
age change in hematoerit of each dog after Lamponads in the un~
splensctomized and splenectomized doze,

Bs A comparison of the soutrol total plasma protein and the mean
paroantage ohangs in protein of each dog afber tamponade in Lthe e
splencclomiged and splenestomized doge.

Thege grephs demonsbrate that bhere is no correiation between
the original leval of the hematoerit or total plasma protein and
t::m arcunt of change in theme velues after the initistior of tawpone

ade.
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Flgure §

Hean change in hemboqrid velues in splencolomized and une -
gplenectomizod dogs diring and afber tamponade. The ordinate is in
percentapge chanpe from gontrol lavels, The difference belweon the
maan changes of the two groups of dogs ia signifisant at all of the

time inbervals,
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eurve back to the time of re-injection and subitragtion of the consone-
tration of dys just bafore tie re-injegilon from the extrapolated value.

There was no apparent dillerstics belwsen Lhe slopes of the gonbroi
aad re-injection disappearance curves. The T-152l space during tampon=
ade showed a dafinite decrease f{rom the control léVel, and the hematow
erit inoreased as described belfors, Uotal red selil volume saloulated
from the hematoerits and T-1024 spaces showed no apparent change before
or during tamponads. All measurements were covrested for blood removal.
These resulis are summariged in Tablie l. |

Extracellular fluld volums measureudiabs Wil thlogyansse (SLi)e Thice

gyanate disappoarangs curves wele esbaulished in 4 uusplescctomdsed doge
by injection of S0N and w.iddvawal of blood samples ab ben to fifieen
mimte labervals for el lousi one hewsr Lefore the Lamponade was starbted.
Daring end alier tanponsde, samples were drawn every fiftesn w’m
mEinutes.

ioet of the observed B0 concentrations during tamponade coincided
with $he extrapolated conbrol disappearante curves. A few concentra-
tions showed small and very inconsistent deviations from the extrapolat
ed values.

4 typieal SON dissppearanse surve iz shown in Figure 6.

Plasms protein ghanges. Total plasma proteins were determined in
11 unsplensetomized dogs. Ab least one eontrol determination and deber-
minations at twenty mimite inbervals during and after tamponads were
made,

A1l dogs showed s decresase in total plasma protein during btamponade.




Table 1

CHANGE IN T-182)4 SPACE ¥ RE-DWICTICNR TN
3 UNSPIENECTOMIZED DOGS

TA825  HORT.  RBO oc/¥g.

GONTROL 45.8 h1.5 3l.1
Do

8ar T, 38,1 LS50 30.1

CONIROL 60.5 3.5 hle2
D2 124

50’ ’E&::’, 39.?.; 52.0 Mu?

CONIROL STels 3.0 36,7
DoG 198 N

20t TAWP, h6.7 I8 36,0

A = nhz + 10 - 0.k




Figure O

& Yypieal thiocymste dipappesvance cwwe., The deviabions of
80N gonventrations from the Porwmrd artrapolated portion of the cone
trol curve are not signifieant.



SCN DISAPPEARANCE

DOG 6
<«—TAMPONADE——>

19.00 Yy
3018.00F TN
o X X~.
X 17.00 | s, S

b X

Snaoo— Tl %
0 s

15.00 |

i | | ! | | | =

30 60 90 120 150 180 210 240 270 300
Time in Min.



hi
Twenty ninubes aftor beginning tamponade, the mean dearease was 0.34 gm.
with & rangs of 0.17 %o 0,03 pm. Yordy minudes altey Deginadng barpore
2ds the mean deorease was D.38 gm.g range 0.15 to 0.96 gm,

Thus, the £211 in protein did not seem %o be progressivs as the durse
tion of tamponade inerecased, Total protein valuas sppesred to return to-
ward, bub nover rasched cerdtrel levels by one hour after the tamponade
was romoved,

- The change in totsl protein is presented graphically in Figurs 7.
Since gomtrol protein levels 4L emod considerably, ﬂm changes are oale
svleted as the pergentags chonge fronm comtrol lovels, Thers was no apw
parent correlation hebtwaen the origina comtrel levels and the per eont
change as show YW the seatber graph in Migurs LB,

- &
Red oell volume woasmrarent Tith ondd $arcnd red aells, erpd tage

ged eells ware nsed to measurs rod cell volurme in six unmplensotormized
doge. In three of these dogs, basged calls were re=injastod during tam-
ponede, -

In the three dogs in whish a single injection of tagged cells was
given, a fifteen mimte initial mixing pariod was allowed befors a same
ple was drawm and the tamponnde started. After tamponade in these dogs,
the counts per second per oo. of red cells decreased, indicating a diln-
tion of the eiroulating blood volume by uniabeled e¢ells, In all thres
dogs, the opsfec. of red salls had reashed a constant level by twenby
mimtes after the beginning of tamponsde. The ealoulation of red eell
volume in these animals indicated an inerease over eomtrol levels of
from b to 7 o, of red calls per Kg.



Figure 7

Yean change in totsl plasma mwm in mlmc%cﬂué and unm
splonsctonized dogs darlag snd alfter targonade. The ordinate ig in
parcenuaga a?.w.xgra 1". om goatrol vah&s. The dl.f.‘.feram: batueen the
pean clanges of the fwo groups ls aol zignifioank ol wyp of the

Pime i:rhwnll.
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In the three dogs in which cells were re~injected during tamponade,

& thirty mimte mixing period was allowed during the sonitrol period be-
fore drawing & sample and starting tamponade., Twenly mimates afber
starting the tamponads, anothexr blood sampls was drawn and ths second
injection of tagged cells given. Further samples were dvawn ab ten mine
ute intervals Hr farty-Lfive minutes to one hour. The mixing of the
second dose of injected cells was assumed %o be complete when ab leash
two successive samples had the same eps/cc. of red sells.

There was no ehange in the wpe/sc. of cells between the samples
drawn immediately before and tmnty mimutes after the initiation of
tamponade in these dogs. Thus, when a thirty mimte mixing period was
used, bhere was no dilutdon of the cireulating red cell volum by s
labeled cslis.

¥he results obtained with one injection of tagged cells are shown
in Table 2,

The red esll velumes during tamponade calsulated on the basis of
the re~injection of tagged cells did not differ significently from con=
trol levels. The mean oontwl red cell volume in the thres dogs in which
oells were re-injected was 33.7 oo/kg., and the mean red cell volume
after re~injection was 3l.h ec/Kz. The difference of 2.3 Ms. had &
95% eonfidense interval of + L7 eo/Kg. and was therefore not signifi-
cantly different from sero. ’

Changes observed in viscera during tamponade. Theve was no ob-
pervable changs in the lungs of the animals with open chests during
tazmponade. No gigns of pulmonary edema were present.




Rable 2

F

CeOL RED GRLYL VOLUME A VIASMA VOLGE WITH
ONE TNIECTION OF CwPL TAGOED HED OBLLS

e e
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In 2 dogs, the gbdemen was opened and the viscera observed or
palpated during tamponade. The bowel quickly becams a dark parplishe
red color and the liver gppeared somewhat darker. There was no notice -
~ able enlargement of the liver. Tha spleen was very large before
tamponads had been produced, and when £lnid was injected inte the peri-
cardial sss, the spleen was observed to gontract vigorcusly. After a
nirmte or so, the spleen relawed again, bub eash time an increment of
fluid was injeoted intrspericardially, Bmmﬂ-.um'nm:uﬂnr.
When the arberial pressure had fallen to 50§ of control levels, the
spleen became maximally conmtrasted for the darstion of the tamponade.
After removing the tamponade, the spleen agein relamed, but never achiev~
ed its original size,

B. Splensctomieed Dogs

Hemsboorit changes. Tamponade was prodused in 7 splensctomized
doge. In all animals, the hematoerit desrcased slightly diring tampone
ade. This decrease renged from -2 to «12 per osnt of the control values
in the first twenby minutes after the intbiation of tamponade, with a
mean deercase of =6f. The deerease did not sppear to be progressive,
singe at 60 minutes after the etart of tamponade the mean decrease was
still «6f with a range of -2 per omt to =1l per cent.

After remval of the tamponads, the hemetoorit values showed more
varisbility in the direction of change. In L dogs, samples were taken
sixty minubes after removal of the tamponads. Pwo of the hemstoerits
were slightly lower than they had been during the tamponades one had
returned to the control level and one was slightly greater than the
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eontrol levels

As in the ungplenectomized dogs, thare was no apparent correlation
between the control level of hematoorits and the percemtage change
daring tanponads (seo Figwe i) |

xmmmarmmmmﬁm-pmmmm-um
graphically in Pigure 5. |

mehnmﬂmwlmgm. Red soll
volume was measured with a single injection of tagged cells in L splen-
ectomised doges The initial mixing period was thirty mimtes. Saples
wore dram at twenty minutes after starting the tamponade, There was
no difference in counts per oo. of red cells between the control and
tamponade samples, indicating thst there was no dilution by unlabeled

cells.
m&ﬂwmm@mﬁmmmjmm
dogs by re~injection of tagged eells, using the same procedure and tims
mmmwtmmuwma. The mean control
red cell volume was 3.3 oc/Kg. and the msan red cell volume during tamp-
onade was 29.9 oo/Eg. The difference betwesn means of L.k had 95% con-
fidence limdts of 4 2,5 and tius was not signifieamtly different from
sero.

Tt should be nobed that the time reuired for mixing of the tagged
cells during tamponade in both the normal and splensctomiszed doge Tange
ed from fifteen to thirty-five minutes with & mean of about twenty-five
mimrbes in both groups. |
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Plasma volume, Plasma volume wes caloulated from the hematoorit
and r°L ved o)l volums in 7 splemestomised dogs. GChanges in plamss
volume were calsulated on the assmption that red eell volume did nob
change, and thue the ghanges in the hematoorit were due to changes in
plasms volume. The mean ontrol plasma volume was 45.7 co/kg. and the
mesn maximam plasma volume during tamponade was 51.8 co/Kg. The dif-
ference botween means was 6.1 and the 95 confidence limits ¥ 3.k there-
fore, the ingreas¢ was signilieamtly different from sero.

The data on red ¢ell volunes obbained by re-~injection of tagged
MMW(WMM)MMMB@M
volums in splenectomized dogs is shown in Table 3. e ’

!hemamixxphmwhﬂnﬁﬂnmhMdesm
each twenty mirute interval during tamponsde was caleulated and is
shown graphicelly in Figure 8.

Effeet of injeching blood during Samponade. An attempt was made
to eliminate the poseibility that red cells are trapped in soms way dure
ing tampomade, tms cansing the deorease in hemaboerit in the splenecto=
mised dog, This was dome by injecting blood of high hematocrit after
tamponade was well cstablished. Wone of the eells in the iRjested blood
wers labsled with Cr %, |

This experimant was performed on 2 dogs. In the first dog, the
spleen was removed and as mch blood as possible squeesed oub of it. In
%Wamu- of blood with a hematoarit of 50.5% was obtaineds The
control arterial hematoerit was L0.0%. After splenectomy, a dose of
cr5) tagged oells was given and thirty minates allowed for mixing. Tamp—
onade was then produced, and twenty-five mimites laber s blood sample



Tadls 3

L6

CONPROL MEAN  MEAN RBO oc/Kg.  DIFFEREICE

REC oo/Kg. AFTER TAMPOMNADE ,
3 NORMAL POGS - 33.7 3.4 2e3 ¥ Lot
3 SPLEMECT. DOGS 31.3 ' 29.9 1-h L] 2.5
COMTROL MEAN  MEAN PV oo/XEg. DIFFERENGE

PV co/Kg. AFTER TAMPOMADE '
7 SPIEWECT, DOGS h8.7 51.8 6.1 4 3ok




Figure 8

Mean change in plasma volume in the splenectomised dogse The
plasme volumes weve caloulated from the hematoerit values ad the Crdi
rad oall volames.
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was dyewn and the splenie blood injected. The homatowsrit bafore ine
jection was 38.08. Five minutes after injectioa, the hematoerit was
39.5; and fifteen aimites after, the hemstoorid was h0.5%. Cr+ red
¢ell volume incressed by 92 oc. and plasma volume by 96 ce. fifteen
winptes afber injeotion, , ,

‘Binos 62.5 tc. of oells and 62.5 ov. of plamms were injested, the
hamabooril should have ghanged from 38.0 te 40.0, This figure agrees
well with the cbserved hematoerit. Hoth the red eell volume and plasua
volume increased wore than the predicted values This may have been dus
to srrors in pipstiing and ¢ounting the bivod samples.

in the second dog, the spleen wap removed and blood expreased;
hﬂagﬂaﬁ-ﬂluﬁ%amoamﬁdmﬂdnmmm More
blood was obtained from the dog Ly venesection, centrifuged and some
of the plasma removed. s lamdred and thirty-five cs. of blood with
an hematoorit of 70.08 was obtained in this way. The somtrol arberial
hemstoerit was 38,58, The game procedurs ir blood volume msasuremsmt
and blood injection was followed as in thefirst dog.

Pefore injection of the blood, the hematoorit was 37.0%. Fifteen
minutes after the injection, the hematoerit wes 43.0%. On the Lasis
of the injection of 95 ce. of oells and LO ce. of plasma into a volums
of 231 ce. of cells and 35 of plasms, the hematoerit should heve
risen %0 h3.0%, which agrees with the observed value, Blood volums
rose 92 oo, and plasma volums rose 32 oo, which agrees fairly well
with the predieted valnes.

This data is shown in Tsble L.

Plasme proteins. Total plasme proteins were determined in & of
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Table k

CHARGE IN BLOOD VOLUNE OF SPLENECTOMIZED DOGS
AFTER TAMPOIRDE AND INJECTION OF BLOOD

HGEE, Ord GALG,
SFACE ¢Ge PIASHA
- VOlL. GOe
Control 0.0 249 3
f”. ﬁ' " ”iﬁ !ﬂl lﬂs
Rt
oUhige 35t 125 ce. blood, hort. 50.5%
given I,V.
kot 39.5 3k2 52h
éo1 0.5 353 521
Swtaei 3.5 21 368
T W' 2o W 395
LI 30 135 os. blood, harbe. 70,08
o7 Kgo given T.Ve
B 43 33 k33
hgl

k3.0 329 hat
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the splensclomlized dogs, Contrel determinstions and one or two deter—

minstions doring tarponsde were msde., In 3 of the dogs, 2 determinae
tion wap made sixby mimtes eftey the tawponade was discontimned.

The splenectordeed dogs seemsd to ghow the same direction and de=
gres of changs in respeet to ths total protedn as the unsplensctomized
dogs. Twenly minutes after thnv begivning of tamponade; the uean de-
eroase frow contrel levels in h doge was 0.28 gm. with a range of 0.10
o 0.li0 gme Corty mimites after begimming tamponade, the nesn decrease
in b dogs was 0.43 gme and the range 0.15 to 0.6 gn. Sixty mimtes
afior Lamponade was discontinued, the mean decrease was 0.52 gm. mid the
range 022 to 0,68 gm. &l .

Thess changes ia total protein are ahém graphieally as the perw
centage change from ¢outrol levels in Figure 7. A8 in the unsplemecto-
miged dogs, thore wos no apparent sorrelation between the conbrol levels
and the per gent change as shown by the sestter graph in Figure LB.

Sinss plasms volume apparently increases in the splenectomised doga,
the posaibility dhat the fall in total protein iz due to plasma &ilution
should be considered, It is possible to predict the change in protein
by ealoulating the swourt of dilntion that has ocowrred on the basis of
the ghenge in hematogrit, This may be demonstrated by a simple exasples
Assure & tetal blood volume of 100 eo.y & plasma and red oell volume of
50 ce. and & protein concentration of 5.0 gn. 8inse the hematoarit is
50%s ths tokal amount of protein present is (1+.50) 5.0 @« 2.5 gne If
plasma volome now increases so theb the hemstoarit drops to LOg, the
total blood volume will new bs 50/.40 = 125 ec. and the new plasms
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volume will be 12550 » 75 gs, The new probtein concentration will
then be 2,5/75 = 3.33 gn. This caloulation may be condensed in an

mt.i@m
Predicted protein = Sontrel pratein (l-contrel Hert.)
" (Conbrol Herte.) 100 —wgontrol Hert.
{ New Hart. )

Table 5 presents the control hematoerit and protein, the lowest
observed protein during tamponads and the hematoerit observed with
this protein value for each splemectomised dog. The predisted protein
has been caloulated for ssch dog, and the difference betwsen the ob=-
served and ths predicted valnes is listed in the right hynd columne
The mean of this difference is -0.07 gm.%, and the standard error of the
mean is 0.037. The 958 confidence inberval is obbained by mlbiplying
the standard exror of the mean by the sppropriate ¢ valne, and is found
to be = 0,095, Thus, the difference between the observed and predicted
protein values is not significant, and one may eonclude that the drop
in protein could be due %o plasms dilution.

T-182) space. T-1824 space was determined before and during tampe
onade by re-injection in one splenectomised dog., The dye was re=
injeated forty-five mimibes after tamponade had started. Cr°' red cell
space was also measured by re-injection at the same time that the =182l
was re-injected.

The T-182} space did mat change significantly during tamponade, but
the hemstoerit dropped, so red cell volume caloulated from the T—1824
space and the hemstoerit showsd a decrease. The Gr>t red cell space did



Table 5

PLASIA PROTEXN CHANGES IN SPIENBCTOMIZED DOGS

CON.  CORE. NEW OBSERV.  PREDIGF,  OBSERV,

HEMAT w HRAT, TROT.GE  FROT.GME wm.
2002 W06 ko 2,08 135 B33 ~0.16
Dog 2; 37.5% 3.85 36,08 3.62 3.62 0e (0
Dog 25 30,58  helS5  29.5% t;.aa 3I.§6 0.0k
DG 26 39.58  ke33 1 35.08 3.50 3480  -0.,20
DOG. 29 .08  L.B@®  38.0% koki0 hoh2 w0 02
Doa 31 50,58 5.00  k8.0% k.38 koS53 038

X= =0,0740.10
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not ghange; and galsulated plasma volums therefore inoreased during
tamponade, The deta from this experiment are shown in Table 6.

O GCosparisen of splenestomised and unsplensotomised Dogs.

The difference betwean the per cent changes in the hemstoorit of
the two groups of dogs is highly significant at all time intervals.
Table 7 shows the & walues for cach interval.

The difference between the per cemt changes in total plassa pro-
teins in the two groups at corresponding time intervals during and
afber tamponade is not significant ab any of the intervals. The ¢ test
for each intervals is shown in Table 8,

The control mean arterial pressure ranged from 90 to 140 mm. Hge
in both groups. During tamponade, the range of pressures was 30 %o 90
mie Hge After removal of the tamponade, the arterial pressure always
ro80, but seldom reashed comtrel levels by ome hour. The range of prese
sures one hour after the removal of tamponade was approximately 80 to
130 mm. Hge in both groups.




Teble 6

OOMPARTSON OF CHANGES IN T-182) AND Cr5) TAGGED RED CELL

SPACES HY RE-IWJECTION
DOG 31 (SPLENBOTOMIZED)

P-182) FORT. RBO oa/Kg. ot rm PV oo/kg.

SPACE {cals.from oo/kg. ( from |
oe/Kg. =182} ) w REC 8p.)
CONIROL ko3  50.5 itlel 29.5 29,0
l;;' TAMP, . ”ié hﬁ.y 3615 29.1 32-6




Table 7 51

T TEST FOR DIFFERENCE BETWERN § CHANGES IN HEMATOCRI®S
OF 15 NORMAL AND 6 SPLENECTOMIZED DOGS

% nige.of 5td. Brroy p of Thia
# Change of Mife. T Diffe in
f2iing =)
Direction
TAMPONADE \
201 ' 25.0 3.36 6.7% o OO
kot 22.1 3.71 5.08 <003
60t 26 533 5.3 0028
AFTER
!&wﬂr“ ' 35-'6 6;87 2-&? ‘95 . 4
é01 19.7 5.06 3.37 « 001

& SYGHMIFICANE AT .05 INVEL OR BETTER

Pablo 8

T TEST FOR DIFFERENCE BETWEEN ¢ CHAMGE IN PLASIA
PROEEINS OF 15 NORMAL AND & SPLENECTOMIZED DOGS

¥ piff.of Std, Brror
% Change of Diff,  +

s+l 09 20 02

ho o 0e3 2.25 0.13
Foesi

FAUPONADE 2.7 5e 86 O.h7

o
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/ DISCUSSION AND CONCIUSIONS

Comparison of the resulbs in the uniplenectomized and eplenscte=
wised dogs raveals one striking difference betwesn the two groups.
fhis difference is the opposite direction of ehange in the hematoerit
values during tamponade. Since the presence or absmoe of the gpleen
was the only difference in the preparation of these groups, ths dif-
ferense in the hemaboarit changes in the unsplenectemismed dogs mab
have been due to splemic comtraction, Splenic contrastion was definit-
¢ly obsarved to ocour as memtioned previously.

m»mumwm;zammnﬁmﬁg. According
%o Bareroty, (%) the dog spleen may comtain wp ¢o cue-fourth of the tobe
al blood voluse, Ruwrthermore, barbiturate snesthesia will cause marked
engergement of the spleen with consequent trapping of even move of the
tobal blood volums.(37)

Splemis blood has & mach higher proportion of red cells tLhan arter-
12l or mixed vemous blocd, Tims, splenic contraction will cause & marie
od ingrosss in arterial hemstosrit and eell count,(3%)

Splenis conmtraction may be initiated by the injection of epinephrine
intravenously, Ly ebher anesthesia, by hemorrhage o by fright.(3®) m
shert, any stressful situstion is liasble to cause the empiying of the
splenis reservolr into the general oiroulstion, The rise in hemaboeris
in the unsplenectomised dogs is mogt easily explained on this basis.

There was s decrease in the hemateerit of the splenectomiszed doge
during tamponade. This deorease could bs due to thres causes. First,
plasms volume could be ingreasing, csusing hemodilition. Second, some
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of the red cells might be trupped somewhere in the e¢ireulation, cmsing
& @rop in the arterial hemstoarit. |

The third possible szuse of this dscrease in hemstocrit requires
& brief disoussion. Ths hematoarid of mimuts vessel blood is considsred
bty meny investigators to bs lowsr than the srterial hemstoerib. This
epinion is spperted by direct observation of eapillary hlood in situ ()
and hy tissue analysis for tagged red cells and T°) albumin which had
been injecbed imto the blood stream(3?) Tims, tnee 1s supposed to be
a "plasme envelope® surrounding an axial flow of bleod in capillaries,
artericles and vemloes.

The third pocsible couse of the decrease in hematoerit might be the
mixing of bhis Splasma envelope® with the resh of the girenlating plasma
dus to the "wringing out® of theco small vessels by vascoonstrictiene

The first of these three causes seeme the mogt acesptable for the
followlng reasonss In the first place, the drop in total plasme jrobein
was no different than tha drop predicted on the basis of the fall in hema-
toarits i.e., Shis drop in protein could have bsen due %o simple plasma
diluntion.

In the second placs, an injection of bleod of high hematoerit during
w‘ammmmmmmmmntmwum
prt&imamthamof'ﬁhaadd&ﬁanutthhhMthtumﬂbhnd
vohums, Thus, none of the injected oells were trapped.

In the third place, the mixing of the "plasma envelope® with the oir-
culating plasma could not cause as great a desrease in the hematoorit as
was usually cbserved; assuming tlat minute vessel blood volume is 10-15%
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of the total blood volums, and has an hemabocrit 10=15% lower then the
arterial hsmatoerid.

The change in plasm volums in the mnsgplsnectomised dogs was ap-
parently opposite in direstion %o that in $he splemectomised group.
This was true of resulte obbained with both P=182) and Gro* tagged red
oalls, There jig no obvicus reason for plagmcvelume agtbually changing
in opposite directions in these two growps; therefore, the possibility
that the decresse in plasma volums in the unsplenectomised dogs is an
artifact met be sonsidered.

The meamvensut of plasms volums changes Wy & singls injection of
T-182; in obviously not relisble, Thres types of dissgpearancs curves
ware fourd in dogs whose hematecrids all inereased snd whose total plasma
proteing all decreased. It is pessible that slight degroes of hemly-
mis or actual changes in plasms optical density eould have caused the
dye coneantrations to appear falsely high. |

The re-injestion of T«182l; showed s subsbantial decreass in P-152)
8ans, I&IMMMMMMQ‘QMMMMW
Jjected during temponads, the average time required for mixing was spproxie
mtely twenty-five mimrtes, This is far greater than the normal mixing
time. The sam situabion probably goplies to the mizing of T-1824. If
the dissppearanes ourve is sbtill in the mixing period, basioward extre-
polatisn of this ewrve will give falsely high values for the sero time
conpantration of the dye. Ths T-102 spuoe would then be falsely low.

The resulbs obbxined with re-injection of T-182L in one splanecto-
mized dog help to strengthen the suspielon that the dye is incomplstely
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mixed, The F-182l; space did not change, bub plassa voluss wust have
inoreased bessuse the Crdl red gell space was consbant while the hemae
tuﬁtdmrmed. '

The results obbained with Cr’l tagged red sells demonsirate sovere
8l points. (ue point is that more than 15 mimbes are required to imwuve
conplete mixing of the total rod oell volums with the tagged calls, I
is apparent that in 15 mimabes some of the blood in the spleen has not
boen mixed, sinoe eplenis gontraction csuses & Mlution of the mrterial
blood with unlabeled ealla.

Ancther pednt is that red ¢ell volume does not change in either the
ungplensctomized or the splensstomized dogs durding tamponade. This is
not suprising, because the only possible direstion of change could be
s deorease due to stagnation of blood at some point whare it is waw
vallsble for mixing with tagged cells, An inerease is not possible be=
cquse the total red cell mass is already mimed wibth the tagged eells,se
has been shown by Gibson.’>

The most important point relevanb to this discussion is that ealeu=
mmu:wmphuwmrmmmmwwmm"
not valid in situstions where eplendc comtraction is oeeurring. The reason
for this is that the rise in hamaboori® caused by splenic contraction
gauses an ertifactual decrésse in plasma velume., The lypothebicel example
ghown in Figure 9 dempnstrates this point. The caloulated plasma volume
in this example decreases, although uc actuasl change in either total red
oell or plamma volume has ooourrsd., Thus, a slight increase in actual
plasma volume would be completely musked and & marked insrease would be
underestimbted.



HYPOFHELYCAL EXAMPIE:
1) MEASURED RBC VOLUME: 1000 00. _
2) 200 eo. OF CEILLS ARE IN SPIEENs; 800 IN GEMSRAL CIRCULATION
3) SPLENIC HEMATOCRIT: 703 ARTERIAL HEMATOORIE: SOR

% o] |

- 800 |
200/286 = 708 }'— 800/1600 = 50%
I =4

|

L) ACTUAL TOTAL BLOGD VOLUME: 1886 ocj GALOUIATED TEVe 1000/.50 = 2000 ec.
5) AGTUAL PIASMA VOLUME: 886 oo GALOUIATED FVs 2000-1000 = 1000 00
6) IF THE SPLEEN NOW COMERACYTS AND EMPTIES ITSEIF, THE ARTERIAL HEMATO

7) CAICULATED THW IS WNOW 1000/.53 = 1886 ce.
8) CAICULATED PV IS HOW 1B86-1000 = 886 ea.
9) APPARENI DECREASE IN PV o 1000-866 = 11k oce
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The ehanges in totel plagme protein in the unsplenectomized dogs
suggest that plasms volume is actmally inoreasing by the same amount as
in the splencotondized dogse The direction and amount of change in
totel protein was the same in both groups.

Since cardime tamponade producss & stogant anoxla, the guesbiom
of changea in capillary permsablility due to ancxia should be eonsidered,
Anoxia of the sapillury wall will couse & dearcase in the persesbilidy
of +he endothelium and esospe of findd and large protein molscules.
Auoxio snoxla or stagnant anoxia have Leen reported to cause a fall in
plame volame and probein comsentwetions O*™1) ene albumin prastien
hag been noted Yo fall mors than globulin, probably because the smller
size of the albumdn moleeule sllows it te esospe more readily.

The yesults of this investigation do not suggest that eapiliavy
smoxia plays any great part in causing the ghanges in plasma volums ov
protain consanbration., The inereass in plasma volume wonld be very Mf@-
oult to explain on the bamis of altered permesbility alons. The fall in
protein gongentration in most of the dogs is adegrgbely explained on
the basis of plasme dlintion, with no esespe of protein, The detechian
of disproportionate changss in altumin would refuire more acourste methe
ods then were available.

Sincs tamponade 1s @ type of asute heart failure, one might expech
t0 see an inarease in plasma volums in other types of asute failure.
this dows not mﬁohoﬂwmt. aceording %o results obbained by obher
workers (ses review ot literature.) Sines these othar investigators also
performed thelr experiments on dogs under barbiturate anesthesis, it is
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probable that the spparent hemogongentrsbion whigh was reported was due
in part to splenic eontractica. The decwease in T-182k spases might
have becn dne %6 inadequate mixing, as i% probably wes in this invesbi~
gation,

The demoustretion of an Inovease in plasma volume agrees wilh the
reglte chheined by Gm’(lﬂ
tion during tarponads,

The fact that the SCNW space does net @pesr to ¢hunge would indle
eate that the inoresse in plasma volums is due to a ehift of fiuid from
the interstitial to the intravaseular compmrbmnbs, with mo shasge in
the total extracellular fluid wolume,

Ag gtated In the introductien, = change In plaswma volums Jurdng

whose work ¢on gats indiested hemodilue

acube heart failure could be explained on the basis of a change in the
direction in net fluid movement scross the espillary wall dus %0 Altera-
tlons in pressurs along the lengbh of the sapillary, An inerease in
plasma volune duving agute fallure meang that the fall in pressure ab
the arterisl and of the sapillary bed mst overbalanse ths rise in
pressurs st the venous end, The fall in pressure st the arterisl end
is probably eontributed to by srteriolar constyrietien, whieh in itselfl
will eomise a fall in intracapillary pressure. Vhether or not all of
the capillary bedes in the body participate to the same degres in the
above changes iz a question that sannot jyet be answered with any assure

aNcde
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SUMARY

This investigation was undertaken in an effort to determins
whether or not there is a change in blood volume resulting from acute
heart failure. The possibility of a change was oonsidered in the
1ight of the altered hemodynamics eonsequent to acute failure. Cardiac
tamponade was chosen as & method of prodacing heart failure in dogs.

T-182) spaces, red eell volumes, hematoorits and total plasms pro-
teins were determined before, during and after tamponade in splenscto=
mizsed and unsplenectomised dogs.

The results obtained lad to the following conclusionss

1., Acute heart failure produced hy cardiac tamponade is followed

by splenic eontraction which results in an increase in the
arterial hemstoorit of from S5 %o 50 per cente This increase
is due to the dissharge of cell=rich blood from the spleen
which is initially engorged as a result of nembutal anesthesia.
2, The increase in hemmtoorit cmuses an artifactual decrease in
plasms volume when plasma volums is caloulated from the red
eell volume.

3. 7T-182h space measurement during tamponade is complicated by a

greatly prolonged mixing time.

ke The hematoorit in the splenoctomised dog decreases by a mean

of 6 per vent following tamponade. This decrease is due to a
moan inerease in plasma volums of 6 oo/Kg.

5 Red eell volume doos not chauge following tamponade in either

the splenectomised or wnsplenectomized dogs.
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6e Tokal plasms protein decresses following tamponade in both

1.

8.

the splenectomiged and unsplenectomized dogs. The deorease
in the splsnectomised dogs is no gresber than the amount that
mﬂhwm%muefph—.m. There
was no significomt difference between the decrease in total
protein in the two groupss The conclusion iz therefore reasche
od that plasma volume aleo increases in the unsplensctomised
doge

The changes in hematoorit, plasma protein and plasma volume
are apparently at or nesr maximmm by ten mlmtes after the
tamponade is initisted. Removal of the tamponade after it has
been maintained for ome hour resulte in a tendenay for the val-
ues Yo return to control levels., However, csontrol wvalues are
soldom reachad by one hours

The increase in plasma volume is felt te be die %o the fall in
pressure at the arterial end of the ecapillary bed overbalanc-
ing the rise in pressure at the venous end. Io definite ovie

dence of a change in eapillary permeabllity was sesn.
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