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. ABSTRACT™

Simultaneous evéiﬁations of plqsma'\;ulume, plasna
proteAiﬁ and plasma electrolyte changes 1n response to large
volun;e_hemodiluti‘on’ perfusion in newborn pigs vie.r‘e made.
These *data are needed for the application of the cechniqm}e
of extracorporeal circulation using large volume hemo-’
dilution in the neomate. !

Seven days old Lpigs were-used in this stﬁdy. Two *
groups of 15 animals underwehé arteriovenous‘ perfus‘i_‘on"
with the chebt losed, at normothernia, -and without an.
oxygendtor .in t;he system; perfusion was continued’until
complete mixing of the blood and priming fluid was accom-.
plished. The e){cracolrpor:aal ciréu_it was ‘primed in group
I with a buffered Ringer-lactate s'olution,? and in group II
with a buffered solution o‘f 2% liheamacrodex in Ringer-
lactate. Prxmlng Sulutlons were 1nd1v1dually tallured to .
rcsult in a (mxxed blood and prime) hematocnt of 22%. - The
volume of the diluted blood in the circuit after perfusion,
was 1dent1cal to the volume of the prlmlng f1u1d A third
group conslst1£\g of 11ttermat§s of the abovg animals was

subjected to the same surgical procedures but without

perfusion f z
Hematocrit, plasma volume, total plasma profei_ns

¥ . 5 "
and. electrophoretic patterns of proteins, osmolarity, and

. . ; .
: L iii




the major vp‘lasma electrolytes were meashred immedi;tely
gefare and after perfusion, then every 8 hours over a period
of 24 hours. Mean arterial blood pressure, heart rate and
Tectal: temperature were monitored at the same time.
s+ .7 “In"both'groups the hematocrit values ‘came very |
close to'the desired target of 22%. The hematocfjtv in group
I showed a further drop until 16 hours follow)ng perfuslon,

whereas, that of group II rose stead:\ly‘ &

24
. Immediately after perfusion the deficit in plasmac.
volume was more pronounced in group 1 suggesting an mternal

loss “from thc intravascular space, since thcre was no

corresponding reduction 'in body weight. The replen shment
of plasma volumes followed an exponential curve'and was
. faster in group I. 'The réstoration of plasma proteins in
both experimental groups was also exponential and was faster
. “in group, II. : S Y
2 g o . ,
osmotic £quilibrium was réached at thé end of
perfusion, .There was a stéady rise in osmolarity during

oL 'vthe following 24 hours. Sv;d_ium and chloride fpllowed» the .

osmolarity pattern.

) Newborn pigs can cope with a lirge volume hemodilution
resylting in a hema:ocr'ic"'nf 22%. Their ability to counteract
plasma volume and plasma protenns losscs is well developed
so that restorationm 15 accomplished ‘in about 24 hours. The

‘restoration Of plasma volume .occurs fastevr'than the

restoration of plasma proteins; but when Rheomacrodex is’




'plksma osmolarity.

’present the reverse :s the case.

The reappearln:e rate of proteins is, about .

1dent1ca1 to-the disappearance. rate of Rhenuacmdex.

This

substance binds water, selectively, therefore it has a )

stabilizing effect on plasma volume shifts but not on’

lactate enhances, protejn restoration' considerably.

Two percent Rheomacrodex in Ringer-
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A ¥ i CHAPTER 1

. . INTRODUCTION , - = &
o
1. General Outline of the Problem

T The technxque of extracorporeal perfusion requires
that the extracorporeal clrcuxt be fxlled with a pnmng
solutmn which wxll be subsequently mixed rapidly w1th
the blood of the recipient.. The use of homnlogcus blood'
as a pnmmg flu1d has many, disadvantages, such as the,

. 4 p'rocu‘te'me'nt of lsrge quantities_ of fresh bluod, the rxsk
of disease transmission and ""homologous blood reactions".
The ‘increased popularity of non-hemic flu;ds in replacement b

tlgérapy for acute hemorrhage has encouraged their use as

‘-prim g s in extracorporeal perfusion.circuits. The 2
mix#¥ng of these non-hemic fluids wi'th the circulating.hleod,

“hovever, leads to the dilution of blood constituents.. This
is particularly true with the cellular elements and the
plasma protéins, when non-hemic fluids with approxinately
‘the same electrolyte concentrations which are present in
blood are used. This type of hemor‘lilut‘ion results' in-a

. decrease of the Hematocrit* level. A saf‘e lower h}mit for

survival has,been obtained with hematocrit levels between

20 and 23 per cent. When such’ large volume hemodilution is

1nduced w1th a protein-free priming solutmn, a marked

*The word "hematocrit" throughout is used to refer :o
the packed cell volume and not to the apparatus.

1t d
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lovering in the concentration of plasma protein fractions
can be éxpected.

" The lowering in the concentration of these plaﬁm’a
protein fractions and 7their subsequent recovery following
hemodilution was the primary aim of this study. The choice
of tﬂe priming fluid was therefore reduced to a protein- !

" free solution having ‘approximately the same electrolyte
ccncentr‘ations as those of blood. Ringer»lactaté solution
has been succéssfully used sxperimentally and clihiéally, .
not only for blpoﬁ replaécment therapy following acute L4

‘hemuri—hage,. (\but also as a diluent for extracorporeal

> ,perfusinn. The addition of polysaccharide volume expanders
such as"Rheomacrodex to Ringer-lactate solution, has also
been successfully used in rep}acement therapy’ for the.
treatment of hem;rrhage* and 13 extracorporeal perfusu)n,

- because of their colloid osmotic properties.

General readjustment patterns of plasma volume}
plasma proteins and \!pla-sma electrolytes following hemorrhage
treated immediately: by substltutmg the lost blood with non-
hemxc fluids are being recognized in adult patients and
mature animals.. Studies of these readjustment patterns :
following hemodilution perfusion are still in the Early
investigative Stages.  The techmque of hemndllutmn

perfusion 1n adults is now universally accepted, but the

application of this technique to neonates has been very




: . oy

the extracorporeal circuits as'comparedntoﬁggﬁ size of the,

néonate; these circuits .require that a lapge amount of E
primin-gAsboluti‘on be. used in proportion to the newborn's
total blood volume, hence making the hemodilution alone
imp‘ractical. “Another importaﬂt obstacle is the immatlurity
of the phy‘siulogic systems of the ﬂewburn. During the
neonatal period, the newborn is engaged in a series of
physiological’ adjustments to adapt to extrauteiine life.

’ No- simultaneous evaluations of plasma volume, -
plasma protein and plasma electrolyte changes in response
to large volume l\emodil_ution“;)erfus'ion in the newbo\rn have
been reported. This investigation was therefore undertaken
to analyze simultaneously plasma volume, ‘plasma. protéin,
and plasma electrolyte changes following large volume
hempdilution perfusiqn ?ith an eléctro!yte and a colloid
_solution in wewborn pigs. The newborn pig was selected as

* an experiméntal animai because of its close ph)‘éiological .

similarity to the human neonate.

2.. General Functions and Composition of Blood

Unique among tissues because of-its fluid state,

the blood, is_essentially the transimrt medium

As'a result of the circulation of blood, the cel
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" &) The cellu‘lar elements. .
The, cnmpoéltwn of. blood is exceedmgly cumplex. .

It consists of ce]lular elemcnts crythrccytes, leucocytes
and platelets su’spended in a fluid medlum “the plasma,
_The erythrocytes tgpresent most of the cellular mass of
the blood: Then‘ specific function is the transport of
.oxygen from the lungs to the tissues. They also play a
lvlgajor role in the transport of carbon dioxide in the
reverse direction. ! The delicate cell membrane of the
erilfhrocyte is read‘ily permeable to wl’:\ter, small unchqrg;ed'
jurgnanic particles and to'certain vgfnovéleqt anions, for
example b_icgrbonate and chloride. E;—ythrncytes c_unt;iin
virtualiy no calcium and relatively-little sodium, .most of
the catmns being potassium and magneslum. The main
functmn of the leucocytes is to combat any infectious
agents that may try to invade the body. Blood platelets
are essential for maintaining the integrity of the terminal
vascular b‘ed. They play an e;sential Tole jn the hgmu;tatic

mechanism and a very important part in blood coagulation.

v b) The blood plasma crystalloids.
The blood plasma or intravascular fluid is about
91 per cent water by weight, most of the solid content -

being plasma proteins, the yemainder consisting of

crystalloid- substancés (electrolytes and non-electrolytes).




Rlasﬁa volume a"cc(l)unts for 4 to 5 per ‘cent of the body
weight and nakes up 55 to 60 per cent of the total éir-
culating volume of blood ‘(Edelman and Liebman, 1959).

5 Plasma is separated from the intracellular fluid of blood
cells by their respective cellular membrane and from qthel
interstitial fluid by the capillary endothelium. The

_ interstitial fluid is approximately three times the volume
7 ) Nof the fluid i;1 the intravascular compartment, togctﬂcr
the plésma volume and the interétitial vflu:;Ld vol'um:e,
“con;;itute the extracellular fluid volume. .

Except for the difference in protein éontent, blood
plasma and interstitial fluid are quite simiiar in ionic
composition. The principal cat'i,oﬁ of blood plasma is
sod‘ium; the ‘principal anions are chloridg, bicarbonafé and
protein. ' In additio’n, plasma contaiﬁs small quantixiés of “

- pot;ssium, c:}lcium, magnesium, phosphate, sulfate, and

organic acia ions. X :

The eiectrolytes contribute most o?the osmotically
active Partlcles‘ they provide buffer systems and mechanlsms
for the regulation.of acid-base balance and they mamtmn 4
normal functions of nerves, muscles and parenchymal organs.
The plas}na non-electrolytes.include glucose, and urea.
Their total concentration is relatively small as compared

with that of the plasma electrolytes.

c)‘ The plasma proteins.
The’plasma-proteins are composed of a. complex

3
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“mikture of many proteins (Simmons et al., 1969). These

include the three major ‘groups referred to'as albumn,

gluhulms and’ thnnogen, and' a large number of proteins

!:hat function as enzymes, hormones and blood coagulation

,ac:ors. Albumin, vhxch is the most abundant of the plasma )

oteins, accounts for 55 to 65 per cent of the total
plasma protein conc_entral:i'on. It has a molecular_weight
of about 68,000, It is responsible for about 75 to 80 per A

cent of the total colloid osmotic effect of the plasma . .

P N 2 :
proteins. It acts as .a general transport protein for fatty .

acids, bilirubin, metals,.enzymes, hormones- and metabolites.
_THe globulins consist of a hetverogeneous poph‘lation of (N
proteins which n" be divided-into three majt;r types: . The -
algha, beta, and gamma globulins. The alpha and' beta.
globulins have molecular weights ranging: from 45,000 to
3,000,000. Thex serve as carr_iers for a number of su;b—
stances, 'n}ong thém lipids, vitamins, hormones anéd certain -
metal ions. The gamma globulins are a group of struct;xrally
related proteins with mbleculalj weights of 90,000 to

a 300. 000‘: Their prmclpal fum:tmn is to act as antxbodles
and to provide the body with a defense against 1nfe:t10ns.

Fibtinogen (molecular weight 340,000) represents about 4

* per cent of the total plasma protein concentration. It is

intimately involved in the mecﬁanism of blood coa_g\;lat"}on.'
The general overall process of blood coagulation is ﬁ"“'

cerned with the conversion of the proenzyme prothrombin to
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the enzyme thrombin-and the action of thrombin upon ’
0 fibrinogen tc form fibrin. _Each of these stages represents
a complicated set of reactions involving blood coagulation
m; - factors. (Mann, 1957; MacFarlane, 1964).
. R ¢
) 3.. Formation of Plasma Proteins
——A — C
~ The theories on the site of formation of plasma ) -
proteins have had a long h1s‘tm'y. As early as 1893, ;he =

“site of cngm of f:brlnogen was attributed. to varwus
organs such as intestine, skin, and lung, while the llver
was credited with the function of fibrinogen destruction

(Dastre, 1893). Years later, Dﬁypnland associates (1905),

Whlpple and Hurthz (1911) and Smith, Belt and Whipple

(1920) were able to show_that 'there was a correldtion

between the extent of hepatic:tissue injury and the fall

of blood fibrinogen-in dogs poisoned.by.chloroform and.

0 phosphorus. Observations made by Drury and McMaster (1929)

on hepatectomized rabbits, gave supportive evidence that;
pates; 3

the liver was the sale source of fibtinogen production. .
L : t .

The role of the liver in albumin and globulin
formation was demonstrate};by Kerr and his collaborators

in— 1913; These workers n?n:ad that dogs with an Eck fistula

have d1ff1cu1ty in regenerating blood serum ptotem
fcllovung plasma depletion. .The evidence pointing to the

liver as the site of plasma protein pruducﬁion was given by

A ;Madden and Whipple (1940) who studied the ready replenishment
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£ plasma protein after plasmapheresis in dogs. Tarver and.

Reinhardt (1947) later confirmed this observation using

radioactive isotope tracer techpiques. -They injected <

“methionine labelled with radioactive sulfir into normal and -

hepatectomized d.{gs and calculated the rate of itssincor-.
Sorationidnts piusie provein Fractiond sl tissuelproteins:
They found ‘that the liver produced the plasma proteins, and
that normal and hepatectomized dogs iuorpor;red_methionine'
into bady tissue protein at the samé ‘rate,- shdscating that
the production of body tissue proteins takes place in many
extrahepatic tissues. In comparing normal and hepatectomized
animals they conclu‘ded that the liver was the sole site of
fibrinogen pmductio’n. Subsequently, the formation of
plasma proteins was deiioristrated in°vitro with liver slices
(Marsh and Drabkin, 1958), with liver cells in tissue
cultures fnochwald et al., 1961) gnd “with-isolated perfused
livers (Miller ot ai., 1951). .
=" In 1954, Miller and his -co- workers investigating

perfused rat carcass and liver, showed that liver was

responsible for the -synthesis of most plasma progeins except
the gamma globulins Nine years- later, Kukral and associates

(1963) fractionated the labelled plasma proteins synthesized

by Wotwall End HepateEED J'Az‘ed dogs and concluded that 10 to

25 per cent of ‘the alpha globulin and about 50 per cent .of
the beta globulin were extrahepatic in origin. Experiments
with hemopoetic and Iymphoid tissues in vitro have clearly



,'(Darrow and Yannct, 1935); on the other hand r‘he p’rote)ns

tractiare JnVolved in the formatmn oF. alpha and beta as - °

‘well ds gamma’ globuling (Askonas et_ag., 1956 Dutton et
at., 1959; Asofsky and $hornbecke, 1961). L

Plasma Colloid Osmotic-Pressure and = . o
Fluid Distribution Between Plasma

. and Interstitial Fluid .

. The qollb‘id osmotic pressure of _the plasma proteins.
which averages approximately 28 rim. Hg., plays an

exceeding.ly fmportant ;olc 1:1 fluid exchange across the

capillary wall and theref_ure in the maintenance of normal

blood plasma and interstitial fluid volumes. Starling

‘(1896) fi,rst pointed out the importance of the plasma

.proteins in helping to regulate the distribution of fluid - .
between, the blood and tissues. The endothélial lining of

the capillarie ch acts as a s'cmipx_zrmeable‘meﬁbra‘ne is .
freely permeable to water and to the crystalloidal solutes,

’but relativély impermeable to the .protéins. The crystalloids

"/then exert no- effective o'smotic pressure, across the capillary

membrane unless their concentratlon is suddenly altered '.
exert a colloid osmotxc effect which tends at_all tlmes to
draw fluid from the interstitial space to the cap1llary
lumen. “At the -arteriolar end of the ‘capillaries the .

hydrostatic pressure is higher than the callid osmotic i




" pressure-so thartva?proxrimatelyr 0.5 per cent of the 'plasma
entering the capilla'ﬁ{cs is .fi‘ltere‘%out.: At the venous

end Of the same vessels, the hydrostatic pressure has
fallen'bélow the colloid osmotic pressure so that the fluid
i; reabsorbed into -the capillaries. The absorption pressure
causes about nine-tenths of the fluid that has filtgred
out of tle arteriolar end t'a)be absorbed at the venous end:
The remaining one tenth returns to the vagcular’ system

ith the proteins that have entered the inter-

stitial space.

5. Blood Replacement

. Because of its vital importance to the mainténce

" of life, blood has occupied the attention of scientists
for many centuries. The de’scr_iptior‘\ of the circulator‘y
systgﬁ by William Harvey in 1628 provided a rational: basis

for transfusion.
]

-a) Voiulne replacement yith blood.

In 1666, in England, Richard Thwer. transfused o
splenectomized dog w’ith the blood of another dog. The
following year; in France’, Jean Baptiste Denis (1667)
sui:cessful_ly 'trunsfuscdgnine ounces of blood from the
carotid artef'y of a sheep into a young boy-who was d)fingl
from.repeated hemorrﬁa‘;es: For the next one hundred and

thii’ty years a great degree of apath)( was exhibited with



regard 'to blood trﬂ’nsfu;ion; then, in the early nineteenth
century, an English obstetrician'Blundell (1818), helpless
in the face of so many postpartum hémorrhages'; reinvesti-
gagegl blood transfusion if animals. :The good results he
g;btained_justified his atiempt to transfuse patien}s
(Blundell, 1_828). Pl;blicatiun of Blundell's work stimulated
the interest of s.cien\éists and. physicians who b?gan, for
the first time, to look ser‘iously at the problems ;f
transfusion (Doan, 1927; Zimmerman, 1042; Keynes, 1943).
The studies on the blood types of man made by Landsteiner
in 1901, the use of sodium citrate as an anticoagulantv
described by Hustin in 1914):1(] t/he addition of glucose
for the preserm(trated blood advocated by Rous
and Turner in 1916, marked the beglnnmg of the modern era

of blood” transfusion.

. b) Volume replacement with.biologic colloid solutions.
: (i) Serum, plasma and albumin. s )

The substitution of bleod serum, for whole blood
was appreciated as early as 1871 by Bowditch who perfused
a frog's heart with sheep and rabbit serum. A few years
later, Ringer (1885) accepted the view thar the addltwn
of serum in ‘balanced salt solutions was beneficial to the
heart. 1In 1919, Richet who subjected dogs to acute
hemorrhage, was able to observe recovery in some animals °

after replacement of the blood with horse plasma. In the

early déys of World War II, a renewed interest in the use
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‘of serum or plasma in the restoration of blood vollrme after
hemorrhage was evidenced by a number of investigations
(Magladery et al.,.1940; Best et al., 1940; Levinson et a’l.,-
1940; Brennan, '1940; Hill et aZ., 1941) 6 It was also
during the Second Worid War that Cohn (1941) devgloped a
method fqr the large scale separation' of plasma prcteins
into purifieé fractions and suggested the use of a]bumih
solutions "for ‘the trentment of some, but not necessarily
all, conditions associated wnth diminished pl,asma volume".
The importance of albumin solutions in the replenishment
of blood volume following acute hemorrhage in ‘humans. was
shown-in the experxments of Heyl et al., (1943) and Warren.
et al., (1944). .

In spite of tl:e advantage ‘of blood, plasma and
albumin preparations in the treatment of blood loss, the

transmission of diseases, particularly hepatitis, was, and

*has remained, one of the greatest problems in thesuse of

transfusions today (Beeson, .1943; Allen et al., 1950;

" Sayman et al., 1958, Committee, 1968).

(i1) Milk. : Y 3
. The substi.'tu;icm of blood by "another animal ‘fluid"
following hemorrhage was\advocated by Gaillard Thomas in
1878, Thomas a general practitioner from New York,
successfully infused fresh cow's milk into a panent who
was dying from a profuse uterine hemorrhage. Encouraged

by his ‘results,. he immediately predicted a "brilliant and
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usefur futute, for the Intfasverous Lactsal Tnjection’’.

’ _For a while the practice of milk infusion enjoyed a con-
siderable popularity (Jennings, 1885) but the incree;e in
failures and the development of blood transfusions led ‘to

the cessation of this practice ‘(Doan, 1927).

c) Volume‘ replacement with artific\ial colloid solutions.

Starling's discovery in 1896 of the significance
of plasma protein in the maintenance of wate‘r balance
between the intravascular and the exXtravascular compartment,
led to the use of colloidal infusion Lolutions in-the
replacement of. blood loss. Cw . '

' (i) Gum arabic.

The use of gum arablc (gum acacia) in physmloglcal
work was first introduced by Carl Ludyig in 1863 in ]’\15
kidney perfusion studies. However; Ludwig did not stase
his reason for ugipg it.- More (‘:han»forty yesrs later,
-Morawit; (1906) demonscr‘ate‘d that dogs, who had been
subjected to a large hemor’rhage,vwere abl‘e to survive if
.the -lost blood was replaced by a solution of 3 per .cent gum
saline. During the Flrsc World War ‘both Bayllss (1916)
and Hurwitz (1917), strongly advocated the use of gum
acacia in preference to gelatin in the treatment of severe
hemorrhage. Although gum arabic had been employed exten-
sively prior to 1937, it later fell into disrepute because
of its toxicity, espéci'ally with resi:ect to its antigenic -

action (Maytum and-Magath, 1932), and its tendency to
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" produce liver dysfunction and hypoproteinemia (Andersch .
" and Gibson, 1934; Yuile et al., 1939). ) v

(ii) Gelatin '

Gelatin was first used as a perfusion fluid in the
classic studies of Ringer (1885). In 1915, it bécame t’he
first a}'tificial colloid to be tested clinyi’c'-’:\,ll;" (Hogen,
1915). However, the risk of contamination of gelatin
solutions with tetanus and.anthrax spores,‘tﬁe high
.g{sc;:sity-and high gelation point of gelatin preparations,
and fina’lly the increasing use of gum arabic, led to a

v decrea{se‘ in exper"iménfal and clinical investigations
regardingr these "preparations (Gropper et al., 1952). Since
World War II, the possibility of gelatin as & replacement
fluid has bien_geriously reconsidered (Parkins et al.,
1943; Fletcher et al., 1945; Nahas and Estime, 1955). At‘
the‘ presént time, many- types of gel_atin preparations are
available, especially in Europes but more studies need to
be carried out on their therapeutic,effectﬂre’xgess in
patients with hypov'olemia. -

(iii) PolyvinyIpyrrolidone (PVP) and
hydroxyethyl "starch (HES). |
The synthetic polymer PVP which was developed by
Weese and H,e‘cht was ‘used extensively by the German Army
Medical Service d‘uring the Second World War (Ha’ss‘ig ;;nd
Stampfli, 1969).. Today, PVP preparations are seldom:

administered to patients but the);I are still utilized in

¥ -

«



experimen;al studie‘s. .
Hydroxyethyl starch was introduced as a plasma
replacement substance in 1957 l;y Wiedgrsheim. On the’
basis-of écod result’:s gathered from animal experiimentati’onr
(Ballinger et alv., .1966; Vinegard et al., 1966) clinical
trials began in 1965 (Ballinger et a‘l., 1966). Preliminary
reports revealed that HES was effective in the restoration
©of blo»cr‘.’ loss following hémorrhage (Lee¢ et al., 1968;
Solanke et al.,1968). At present, HES is still un‘de_rgoing
clinical appraiéai (Gollub et al., 196§; Solanke et nl.},

1971). © ¢

(iv) Dextran. .

Dextran is fgrmed by the ferment‘a‘tive action of /
various bacterial strains ‘of Leuconostoc mesenterotdes.
upen a sucrose containing medium. The néture‘or raw
dextran produced‘f’rom culture of Leuconostoc mesenteroides
_consists of a mixture of polysaccharides molécules with an .
‘average molecular weight of ‘'several millions. In 1943,
Gronwall and Tngelman tested nativé -dextran as a colloid
transfusion fluid in cats and rabbits subjected to hemorr-
hagic and traumatic shock (1944). Their initial experiments
>re\iea1ed that native dextran could not bz; used fo:r infusion
t’hera‘py. They subsequéntly reduced the size of the dextran
molecules by means of pértia‘lvhydrolyticv fractionation and
f}xus_ubtained 5 dextran with an average m«;lecular weight

of 75,0Q0 (Gronwall and Ingelman, 1§45). They introduced
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this.into clinical use in 1947 under the name of "Macrodex"
(Thorsén, 1959).  In Europe and in the United States some
clinical centers becamé interested in dextran and soon,

reports began to appear concerning the efficacy of this

“substance in the treatment of hemorrhage (Bowman, 1953;

 Craig et al., 1951; Fayot and Huguenard, 1955; I.urgdy et al.,

1947). Since then, many improved dextran preparations,
especi;liy wi’th respect to the standardization of the >
molecular weight-distribution and the cpni:cntrnti‘un,‘ have

been produced. The s‘versgelmblecular ‘weight of every

‘batch of clinical dextran is determined by light scattering

measurements, which give a value known as the "weight average
;nolecular weight" ( ﬁ" ). To distingyish the different
dextran preparations, the word "dextran" plus tllxe weight
average molecular weighé expressed in thousahds, is now
used. For example, Macrodex is a solution of dextran 70

and Rheomacrodex (LMWD = low molecular weight dextran) is

a solution 'of'dextranAw. The dextran preparat{ons

primarily used today are 6 per cent Macrodex and 10 -per

cent Rheomacrodex in either 0.9 per cent sodium chloride

or .S per cent glucose. This selection has been made from

the résults of many years of extensive laboratory and -

-~
- clinical studies throughout the world. Although "Dextran'' .

and »"Rheomacrodex" are trade names, these names will be

used in this study for reason of convenience.

~



d) Volume-replacement.with non-colloid solutions.
(i) Electrolytes. 7 i ‘
At first, snlutmnsof sodlum chldride were the
nnly electrolyte solutions psed im an effort to avert the

fatal consequences from a large blood loss. “In 1879,

Jolyet and Laffond“in Frafice.and Kronecker and Sander in

' Germany studied the effect:of saline infusion follt’)wing

hemorrhage in animals.” Bull in 1884 advocated the use of
saline infusions as a substitute for transfusion of blood”
- in humans’. The classic‘l studies of Ringer-188’2 &uring the
same period brought new.concepts in the preparation. of
physi\ol’ogically equilibrated salt solutions as smlnbstitute';
for blood (Amberson, 1937). Unfortunately the literature
concérning the use n‘f eler_trolytes'solutiohs in éhé
treatment of acute hemorrhage has reflected controversles
ever since (Gruber, 1969; Rush et al., 1969]. Thls
pra]onged coniroyersy has been centered not only on the
kind of salt solutions utilized in thé txcst hemorrhagic
and post traumatic periods, but also on the questi'on‘ as to
whether infusions of large volumes of electrolyte solutions
Vare beneficial or not. s T
‘(ii) Non»electral);tes.

v The intravenous administration of dextrose solu‘t‘iuns
in conditions associated ;l{th hypoglycemia or ed_emé was
advocated by Hartman in 1934. A decade later, Frank,

Selignan and Fine (1945) tested the therapeutic value of
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5 per cent glucose in Ringer—lact_ate‘soluticn‘fo;‘ the
treatment of acute hemorrhage in dogs. Dillon and his'
associates demonstrat‘ed the superiority of electrolyte
solutions ove‘.r glucose §01utions (1966). 1_1»\t ‘the present
time, the therz‘pe;.:tic effectiveness of hypértonic glucose
éolutions in hemorrhagic’ shock i} under. investigation
(Bave et al., 19673 McNamara et al., 1972) .

6. ' The Use of Hemodilution in
Extracorporeal Circulation

When the tééhni_que of "extracorporeal circulation

was first introduced in clinical practice, the 'extra-

’ corporeal circuit' was filled with homologous blood. Tn

1960, I;anico and. Neptune described a technique which

eliminated "this.. The pump oxygenator was primed with-a
liter 6f isotonic saline. A cariula was: ifserted into a
systemic; artery and the ?rtcri;I pressure was then allowed
to push blood retrogradely thr”ough the pump~oxygenaco;

";iispla,cing, laminating‘and trapping" the isotonic saline

'1ntn a restricted reservoir above the level of the cquult.

At the same time- the patient was transfused mtravenously
with an equivalent amount of blqod to accommodate the

exact quantity of blood displaced into the pump okygenator.
'They reported twenty five successful open t‘:ardia’c operations
op' patients using this extracorporeal system prifned with ’

isotonic saline. The same year, Zuhdi and his group began

= . =
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experimental, studies of total body perfusion with intentional

hemodilution in association with hypothermia. (Zuhdi et al.,

1960). In 1961, ihe)f reported 5ucces§fu1 clinical.triais,~
using 5 per cent glucose in water as a prime, returning
the content of the extracorporeal circuit to the patient
at-the end of the procedure‘ (Zuhdi et al., 1961). Since
then, many reports have been publxshed concernmg the
,applhcatlon of hemnd:llut)on in extracoxp?real clrculnuon
and its subsequent effects on the ur‘ganism. Unfortunately
it is difficult to evaluate the published data because of
the many differences i(n hemodilution techniques. Thest‘e'
differe/nces are: )

(i) A multiplicity of priming solutions h‘ave been
utilized to date (Schechter and S‘arot, 19693 . Most of
fhese solutions, mare also employe'd‘for volume
‘replacement after hemorrhage, have already been described

\ in the preceding section.
’ (ii) “These solutions are employed either singly
[(Beall and Cooley, 1965; Ne\fille et al.,«1v964—) or in
comb‘inétion (Litwal; et al., 1965; Gollub et al:, 1969) or
" are sometimes supplemented with c)\émical adjuncts such as
mannitol, sodium bicarﬁcnate, (Di;:ter et al., 1970) and
calcium, potassium etc., (Baffes ot al., 1970). . .
b (iii) These solutions are used in differént
quantities. For example fhe priming volume may be cal-

Cugated acccrdlng to bady wexght (Baffes et al., 1970) or
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. body surface area (De ‘Boer, ,1’969). I may also be
calculated acéc;rding to the pre-operative blood volume and -
hematocrit (Roe ét al., 1965) or on the basis of the
"patient's daily fluid req;xire;nent (De Wall et al., 1962). ®
- (iv) Blood.is administered at times during, or '
after extr‘acorporeal hemodilution-perfusion (De Boer, 1969,
Dieter et al., 1970). o '

. (v) The perfu’sate remaining in the pur;|p ;>xyggna\;_or_
is ;ometimes infﬁged upon comﬁletiun of perfusion or ‘i!: is

' centrifuged. so that the separated blood cells can be auto-. |
transfused [Col;n et al., 19‘71). “

(vi) Hypothermia’is used in conjunction with.
hemociilutian peffusiqn.which,v in tﬁrn, is performed under
various flow rates .(Cook ami Webb, 1965).

(vii) Finally, many perfusion techniques of
exc‘r;corpureal circulqtion, aléo called cardiopulmonary
byﬁass, are performed in combination with hemodilution.
"l‘heir selection and duration vgfy accordinglto _the needs ¢
of‘ the individual patient (C‘l‘emen‘t et al., 1971; Dorson et
ral., 196_9).' For example, during the performanc‘e'of intr?—
cardiac and great vessel ‘surgery, total and partial ) .
cardiopulmonary bypass are used. . In partial bypass; 5 .
st.}perior ard. inferior venae kavae are caﬁnu]atad t'fﬁ'ough

" thé atrial appendage, ‘and the ‘cannulae connected to a .
conuncn‘v;anqu's line. Mo;f of the ‘systemic venous blood is

él].owed to flow into the vegous reservoir, where it is
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oxygenated and ret’urne’d to the patie;xt via an arter?ial line.
In total bypass, thé walls of the ve;1ae cavae are cinchéd .
around the cannulae by the encircling tapes, thus diverting
all of the systemic venous ;eturn to the heart-lung machine.
In.certain conditions where the heart or 1ur3g_§ require
functional assistance only,’ the venous system is 'ca}r)nulﬂted
via jugula!“qr femoral catheters, blood is o:‘(ygenated and
returned to a sy‘stemic artery. This is called veno-arterial
bypass or veno-arterial perfusion. Other techniques such -

as vend-venous and arteriovenous byp‘ass perfusion are used’

in the support of infants and adults suffering from

resp'iratnry distress. < A'

7.  The Response of Blood Volume, Plasma _
. Proteins and Plasma Electrolytes to °
Intentional Hemodilution

The effect of hemodilution anlhé blood volun\é,
plasma proteins‘ and: plasma electrolytes after bleeding and
immediate substitution with crystalloid snd: E6136140 s
solutions was studied in adult dogs by Rod:‘;on’ov a;ld
as\sociates (1957), Reiger (1967a, b)y and Liljedahl and

Reiger (1967). Similar studies were cunated in patients

- by Moore and his group (1966), and Kaij;‘er and Reiger (1968)..
- These investigators demonstrdted that, depending on ‘the-
severity of the hemorrhage and immediate substitution, the

. replenishment of plasma volume is accomplish_ed 24 to 48




. hours after substitution whereas that of the plasma protein
is accomplished only 48 to 36 hours after. They also
showed that there are no significant changes in the plasma
eléctrolytes during, these physiological responses.

Only a few clinical and experimental animals studies
have been reported relating té the plasma volume, plasma .

protein and electrolyte responses following hemodilution

perfusion. In 1961, Long and assocjates measured changes

"in the concentration of each plasma proteif fraction and
elecfrolyte‘s within 90 minutes "following the completion of’
,cardlopulmonary bypass with hemsdilution in 124 patients;

. their ages varied £rom afew months to over 50 years.. The

patients were divided into three group

In the first,
the extracorporeal circuit was primed with blood alone, in
the second: it was primed with blood plus a § per cent
solution of human albunin, and in the third, with blood
plus a solution of 10 pér cent. Rheomacrodex in- 0.9 per cent
saline. These authors then compared average values of the
sbove viriables obtained For each of these'groups. They
reported a fall in plasma albumin levels in all three. .

* groups, with the largest fall in the Rheomacrodex group
"due probably to an additional dilution cffecti. They"
also recorded a décrease in all plasma globulins with he
least change in the Rheomacrodex group, and'a decrease in
the fibrinogen levels in all three groups, with a greater

drop in the Rheomacrodex and albumin groups. No significant



change could be detected in thé plasma clectrolytes éf the

three groups, except for a fall®in potassium levels."

. . 1In 1963, Hellstrém and Bjbrk investigated ‘serum

* p(rot‘ein’and ‘e‘lectrolyte changes‘ in response to hemodilution
with’lO per cent Rheomacrodex in 0.9 pgr”cenf saline during

. total body perfusion, at moderate hypothernid dn patients

from 3 to 56 ycars of age.. They showed that the addition

e of Rheomacrodex to the priming volume produced no significant

‘ change in the serum prote‘ins and electrolytes 'during ;ai(tra-
c“orporéal perfu‘sion. - 7 . r . o

— Moffit, Maher and Kirklih, in 1965, described the

behav1§§ of plasma concentration:of ‘electrolytes and proteins

during and after hemodilution perfusion at moderate hypo-

thernia in 18 patients from 4 to 6@ years of age.- .One

group of patients was perfused with whole blood, the other

. group with whole blood dlluted with a solution of dextrose

and. albumin in saline. The patlcnb\whg recexvcd undiluted

blood s.howedl little deviation from normal levels of plasma
ele;trolytes_and proteins dur}ng, and 18 hours after
perfusion. 'The hemodilyted group showed a decrease in
electrolytes and tr.;tal. protein wvalues during srt%acorporea*]
perfusion., This was followedsby a return to normal levels
san after completlon of the opefatmn but there was,‘again,
a trend to hypokale‘mla. y X g *
5 Gollub and associates (1969), studied intravascular
Tesponses to e);g'racorporeal perfusion with large valume
. L PS

>
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hemodilution.in five Jehovah's Witnesses who refused blood
transfusion on'religious grounds. The perfusate consisted

of varying amou;lts of Ringer-lactate solution, 5 per cent
glucose in water, Tris-hydroxymethylaminomethane (THAM)

and Mannitol. Amo;)g their observations, these in;revs‘tigar‘urs b %
found that the fall in blood volume and hematocrit value at

the end of perfusion was followed by a partial restoration

of blood volume and a further decrease of hematocrit value

kd z &
in the first 18 hours post-operatively.” T{ley also found

D .
‘that, at the end of perfusion, "tNé"Total measured protein

content of plasma exceeded the expected value". They
suggested that'protein had been mobilized to the intra-
vascular compartment from extravascular “sources‘ .
Wallace, Arai and Blakem;yre [197(5) c‘t_)mpared plasma
protein electrophoretic patterns'bi; patients undergoing
open-heart surgery under moderate hypothermia and hemo-
dil;tion, w’it‘h those undergoing other extensive surgical
procedures without hemodilution perfusion. The extra- 2
ch‘porealjcircuit of the open-heart group was’ primed with
a‘mixture of whole blood, electrolyte solution and 10 per
cent ‘dextran in normal saline solution to which ascorbic
acid and sodium bicarbonate were added. The results .
indicated thgt all swurgical procedures caused a significant
fall in all the plagga protein fractions which/persist“ed -
during the next 24 hours. This, was followed by,a"'marked
elevation in alpha-I globulin an‘d "slight d?creases" in
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beta- and gamma élobulins" during the first post-operative
week. On the second post-operative week the protein
fractions were almost backlto ghe preAOﬁerafive values.
This response seemed to be more accentuated and prolonged

in patients who underwent extracorporeal hemodilution

' English, Digerness and Kirklin (1971) measured
piasma'eollg’id osmotic pressure and total protein concen-
tration in 12 patiénts from 6 to 62 y‘ears old, before,
dﬁring and after extracorporeal circulation at moderate
hypothermia. ~The priming volume consisted of a mixture of
whole blood, 5 per cent dextrose i_n Vsalin'e, sodium bi-
carbonate, calcium chloride and” balanced salt solution.
Colloid osmotic pr‘essdre and plasma protein congentration,
which were reduced during bypass, began to return toward.
pre-operative ‘Ievels affer one hour; 'h(;we'ver they were
still signifj;:antly lower than pr‘e-operative‘vaiues after
24 hougs. These investigators suggested that the replenish-

ment of plasma protein after extracorporeal perfusion

followed-the same pattern as that observed after hemorrhage

with immediate volume replacement. Thorough studies on the
7 £ 8
changes in blood volume ‘in response to extracorporeal -

circulation with or without hemodilution were done by

Litwak and his dssociates (1963). These investigators
observed ‘significant deficits in the circulating blood

volume of adult patients after perfusio‘n‘, whether the .
S »

El
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technique of hemodilution was used or not, and despite

careful replacement of all measured blood loss during

dextrose in water was employed-in the technique of hemo- ;
dilution. They attr‘ibuted these blood volume defiéi;;s to
a temporary ''sequestration of’bloqd’into areas not in
measurable communication with the circulating blood volume'. )
Beall and Cooléy (1965), and Yashar and associates
(1971) also found blood volume alterations associated with
] 'extracorporeal perfusion at normothermia, using 5 per cent
dextrose -in distilled water as the pr,iRing solution. ‘The
e;ge of the patignts ranged from.14 months to 74 years.
Immediately after perfusion and the return of al‘l fluid in
the eXtracorporeal circuit to'the patients",‘ the average A
total Slood volume, qecerminatiuns were somewhat lower than,
-pre-operative values. A further decline was shown within
the first 24 hours aftér operation, followed by a return

toward normal values during the next 8 days. This return

h] 5 .
was mainly due to an increase in plasma volume with little
change in red cell mass. Other groups have reported similar '
.results irrespective of the priming solution used and

whether the content of the extracorporeal circuit was

" - _transferred to the patients or not, [(Cohn et al., 1971;

De Boer, 1969).

In 1964, Linder, Sakai and Paton studied thé effects
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of ~different perfusates on the plasma 4sodium and ;;otassium
conceptratinns in dogs. The priming solutions consisted
of either 5 per cent dextrose .in water,.5 per cent dextrose
in 0.11 per cent saline, 5 per. cent dextrose “in 0.2 per” ’
cént saline or isotonic sdline. The contents of the extra-
Eorp’orea} circuit were always returned to the animals ’at
‘the end of perfusion. These investigators did not observe
a statistically significant fall in electvrolyte_’concen-
trations immediat‘e}y after ‘perfu_sitm, except ’in the group
perfused with s per ct;n.t dextrose in water. 'l:hey séggested
that 5 per cé‘nt dextrose in 0.2 per cent‘ saline was the
pr1m1ng solution of choice because of the m1n1mal electro-
lyte changes, low hemolysls levels and ool posts operatlve
urinary output assoclated with 1ts use,.\

5 Cruz and Callagham, in 1966-analyzed the effects of
increasing degrees of hcmodilution on the serum electrolytes
of dogs using Ringex-lactate solution ds the pnmmg
_solution. At the. e\1d of perfuswn all the remaining.
perfusate was returned to the animals. Variations in serum
electrolyte levels were more or less un"iform among thé’
different groups. Slight hyponatremia was observed
immediately and 24 hours after perfusion with a return to
r}ormal‘ 1eve]s. at- 48 hours. A moderate hyperc}:loremia was
observed at the end of ‘perfusion, this also returned to
normal values 48 hours after the termination of perfusmn.

Plasma- potasslum levels remained:constant thrnughout.




Miyauchi, Ir;(}ue and Paton (1966) compared the
changes in electrolyte concentrations during 2-hour total
cardigpu,lmonary bypass‘ and during the ‘4 hour post-perfusion
period in 7 groups of dogs. They also meﬂsurcd blood .
volumes before bypass and 10 minutes after the end of
bypass. The extracotporeal c1rcu1t was' primed thh one .of
_the following solutions: 1) 5 per cent dextrose in water,
2) 5 per cént dextrose in 0.2 per cent saline, 3) 5 per
cent dextrose in nofmal salme, ‘4) Ringer solution, 5)
lactated Ringer solutlcn, 6) 10 per cenc Rheomacrodex in
5 per cent dextrose solution and 7) heparinized whole blood.
The contents of-the extracorporeal circuit were infused
into the dogs at the end.of. perfusion. . In all instances a
decrease in. the concentrations of Serum sodium and chloride
was seen; this decrease was more rqa\‘ked .in the group i:.er;
fused with dextrose in.water. There were no statistically
significant éhanges in ser‘un; potassium ccnceﬁtr;tion when
either whole blood, Rheomacr?dex or Ri;ger-lactate were
‘used as perfusate; modérate hy]ioka’lemia was seen in the 5
per cent dextrose in 0.2 per cent saline group. ‘A highly
significant drop in potassium was found in the other groups.
The‘se invéstigators also observed a large deficit in blood
volume in the group perfused with dextrose,in water and no
significant “changes in the blood volumes of the other 6
groups. Miyauéhi and associatesr concluded that changes ;n
electrolyte levels during the peifusion depend primarily

o ' -
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. upon the electroyte concentrations of the perfusate,. and

that lactated Ringer solution’ was the diluent of choice.
Serum electrolyte levels in 49 adulat patlents,
immediately after extracorporeal perfusion and 7 days
later, were studied by Dieter, Neville and Pifarré (1969) .
These investigators used Ringer-lactate solution as a

priming solution, Their results indicated that plasina_

. sodium and chloride 1eveis were unaltered during and

followxng perfuswn whereas potass1um ar\d calcium concen- |

tratmns were significantly decreased.

¢

8. Hemodilution Perfusion in the Newborn

The extent to which the blood volume .in the newborn
may be in‘tentionally diluted without danger and the sub-

sequeént physiolo.gical respchses to such a challenge are

"almost unknown. Not unnaturally tlere has been a tendency

for the few clinical investigators who have approached this
problem to fosus on clinical benefits rather tl‘lan physio~,
loglcal responses to hemodllutmn (Baffes et ul., 1964;
Lenolne et al.y 1971) Other investigators who have
attempted to analyze these Tesponses have  unfortunately

combined the data obtained from their newborn pafients with

those obtained from patients of older age groups (Béhll and .~

Cooley,' 1965; Long et al., 1961; De Boer, 1969; Roe et [
: 5 :

b §



' - Investigations in newborn animals r‘elev‘ant to the
Tesponse of blood constituents to hemodilutﬁion perfusiun‘
are few. In 1965, Rosenkrantz and his associates gave ’
preliminary repo}ts on serum electrolyte changes'during

and ;fter open chest extracorporeal-circulation at normo- "
thermia in youn;; puppies weighing 2.to 5 Kg. In one group
of animdls- the extracorporeal clr:u1t was primed with -
homologous bl‘yud in a second group the pnme was a mlxture
of homologous blood and.5 per cent dextrose in 0.1 per cent

saline. The use of the latter priming solution resulted in -

a hematocrit- of 30 per cent in the animals after thorough

perfusion. During perfusion, no statisticaliy significant

differences were found in the serum, electrol,ytes”o’f' either
group. - ) )

. In 1969, Dorson and his group, investigated the
effects of prolonged extracorporeal hemodilution perfusmn-
on the plasma hemoglobin levels and on the hematocrit’ of
puppies weighing from 1.5 to 4.5 Kg. A membrane oxygenator
was primed with Ringer-lactate solution. The experiments

consisted of arterio-venous perfusion in closed chest’

. lasting from 21 to 25 hours, both with and without an

extracorpcréal pump. Among their observdtions,.they found -~

that the hematocrit values were continuously decreasifg
during perfusion and that the decrease was more prano(mced'

in ‘animals perfuséd without a pump. -These results were

attributed to the éffect pf the ‘pump within the system on .
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thé erythrocytes. Rec,eﬁtl_y, tTurina (1972) subjected 36
puppies, weighing 3 to 7.5 Kg. to, total body per‘fusion
with Hemodilution at both normothermia and ‘hypotharmia.
A membrane oxygenator was primed with a mixture of blood,
glucose and Ringer's solution. One finding of partyicular
interest was the fall in the serum albumin concentration
to nearly one-half the mlt:al level dunng perf sion . *
whlch lasted from -1 to 2 hours. He attrlbuled t]us
observatlon to the possible adherence of albumin to the
surface of the membrane oxygenator. ThlS decrease uf
albumin concentration was always followed by a rapid return
to normal leyels after ' the interruption of perfusion.
Unfortunately, Turina‘ did not mention the time it took for
‘albumin to return to normal levels.

9. Exgerimental Design
b . $
| In “the precedlng sect)ons, the importance of the

restoration of plasma proteins, plasma electrolytes and

'plasma valume after hemodllutlon perfusion have been out-

lined and the relevant literature has been reviewed. -Three
as‘pects of hemodilution perfusion hav_e received little
attention: . The first is the ability of the neonate to cope
with hemodilution perfusion, the second is the observation

on ‘the simultaneous changes of some of the major plasma

. constituents. both colloids and electrolytes, finally’the




‘Lhe dilution by another physiological variable such as body

third is the time course of the Testoration of these plasma

constituents, particularly of plasma proteins. "

This study was findertaken to clarify these aspects,

© particularly ingthe newborn. Bearing in mind that in order

to study the réstoration of plasma proteins after hemo-
dilutior{‘perfusian, ‘it is desirable to provoke a large
deviation from the normal protein concentration level. The
largest ‘deviation will be-obtained with the largest possible
dilution which is still compatible with' llife. A hematocrit
of 20-25 per ccn‘t seems to be ‘a safe limit in mature.
animals (Perasalo et al., ‘1967)’but it is n:;r_ established

whether .this is also true for newborn animals. Since

hemﬂtocrit ‘values vary considerably in newborns it seems

hetter to ad)ust the dilution volume to a target hematocrit

rather than to use” just one dilution volume or-to determme

surface area. This was the first guideline that was adopted
for the study- presented here.

It is 1likely_that when onc plasma constituent is
upset, others will also be affected. The use of a perfusion
fluid that largelydiffers from the plasma of the Tecipient
w1th respect to 1ts ionic content and pH, may elicit sifle . -
effects that may. hamper the 1nterpretat1nn of the recovery
pattern of the plasma constituents, especially that of the
protelns.r Therefore, as-a second guldehne, a perfusion

flu)d w1th e] ectrolyte concantratmns close to those of

\ 5 . ’
<
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pl@a was chosen. For comparative reasons a similar fluid
with the addition of a colloid-osmotic agent was also used. «

The experimental animal chosen was the piglet which

. appears to bear a clase physiological resemblance . to the

-
human” infant (Glauser, 1966). -In the. first week after

birth, however, it shows a rapidly changing plasmg protein

- profile (Miller & al., 1961; Lardinois and Page, 1969).

Ther’eforc séven days old animals were used. Newborn pi:gs
are,poor subjects for general anesthesia té which they
rgspond with a marked decrease in capiilary blood flow
(Simon and Olsen, 1969). Therefore, the perfusion was

carried out after the-animal had recovered from the

canesthesia requ:red for the surgery.

The above considerations thus led to the follow1ng "
experlmenta] proposal: 3

Newborn pigs (7 days old) of either sex were used.
They were divided into ‘three groups. Two grohps underwent
‘arteriuvénuus perfusion -in closed chest at normothermia
and without an oxygenator in the system, until complete ’
mixing of blood.and perfusate was accomplished. The extral
corporeal circuit was primed in the first group with a
buffered Ringer-lactate solution, and in the second group
w1th a buffered solution of 2 per cent Rheomacrodex in

Rlnger lactate A mixed (blood and prime) hematocrit

ranging between 20 and°25 per cent immediately after

.perfusion was the targei. A pilo‘t study was ca;rried out



. to see whether a target value of 22 per cent was feasible”

(I1, 1,:p. 35). 'The third group, consisting of llttermates‘

of the above ammals, was subjected to the same surglcal

' procedures but vuthoutvperfusu)n. This gro/up.was referred

to as the "sham-opérated group'". During one experiment
blood samples were collected at five différent time

intervals, namely: immediately before hemodilution per-

fusion, immediately after the termination of perfusion and

every eight hours over a period of j4 hours. Only the
blood losses equivalent to that amount taken for sampling »
were replaced by diluted blood remaining in the ex’tra-
corporeal circuit after perfusion. The blood samples weré

used for the measurement of plasma volume and ‘for the \

analysis of plasma protelns and electrolytes. Readings of

blood pressure heart rate and rectal temperature were made

'before and after the perfusion and subsequently when samples

were -taken. * All piglets were allowed to s’l‘:»i:ﬁyive for seven

days.




'CHAPTER II

MATERIAL AND METHODS

1. Animals
" The experi;r\ents were p,erform’ed on 45 newbor;T
lelEtS of either sex. The animals were purebred Landrace
or a cross, of Luqdrace and York. All piglets were
precxsely seven days old at the begxnmng of the expenments‘
snd their wexghts ranged between 2. 79 and 2.93 Kg. Pilot
studies were perf@rmed on 4 other piglets to standardize
the::experimevntal method. 'I‘}xirty piglets l;nderwent ;:lose_d
chest exfracorporeal circulation without an oxygenator in
the system. Fifteen control piglets, each a littermate of
“an experimental nn;mal Here operated as described.below -
but not perfused (sham operated gmup) 3 The blood uf 3 N

* other piglets was used for thé 1dcn1;1fxcnc1on of plasma

protein fractions (II, 6a, iv, p. 53).°

2. Exgerimental Routine

¥ In.planhing and conducting c;td‘i«?vascular

- experiments with piglets, it is very important to congidei

-1solution balance/; Ohaus Model 1119, Union,

New Jersey, U.S.A. & B



the excitability of these animals.. They respond to
handling with a sudden marked increaseg in blood'pressuré“
Land heart rate; therefurc, pagticular care in hzmdl,mg
ther is esseéntial to’ obtain reliable data. ° .

At the beginning of each experiment, the piglet
was’weighed to 'the nearest gram, anesthetized, operated
upon: (11, 3, p: 38), returmed to its quarters ahd allowed
to regaln conscibusness, At this time it was brought back
to" the operating room and secured lobsely with adhesive
tape on a restraining table in the supine position; its
blood pressure and rectal temperature were monitofed (I,
7,"p. 67) and a transistor radio was tuned into music in
order to Cover 511 unfamiliar ‘noises that would excite ‘the
ammal When bluud preéssure became stable, the plglet\)was k
.given an intravenous injection of he‘parin2 Qsoo .U, pet,‘
Kilogram body weight). After this; the routine of ‘the
plasma volume . determlnatlon (II; 5, .p: 45) was carned out
for the Firstitime. This procedure’ included the colfection,
_0f blood samples for the subsequent analyses ar, 6, p.'s3).
In the case of a control animal, the catheters .were -dis-
_connected, closed and secured to its neck with adhesive " -
t‘af)e. The animal was Then’ retumed to its quarters whu:h
Were set'at ‘an ambient tehperature-of.52-34°C. " This

2Panheparin, Abbott Laboratories Ltd., Montreal,

Canada.




temperature is optimal ‘fo’r‘,piglets. (McCance and Widdowson,
1059; Mount, 1963). In the case:of a perfusion animal," the
“hewodilltion perfusion was started (II, 4, p. 39).
Imme(\iia’tely after ,the termination, of the perfusion a blood
smear v’:as prep'ared; the-rz;utine for the plasma volume
.detgrfni;\ation repeated and ‘the animal returned to its
quarters.sfter the’catheters were ,(iisconnected, closed, B
aid secured. To avoid the untoward reactions which may be
associated with the intravenous administration of protamine
sulfate (Gour’ii] et al., 1971), heparin was. not neutralized
after perfusion. The diTuted blood left in the extra-
cm;pé)‘real ci‘rcuit was’ treated as follows' a sample w‘as
taken to be analyzed m the same way as the})/ller blood
samples (1T, 6, p. 53); six syringes: were filled and put
aside for blood replacement (IT, 4a, p. 39). Eight hours
after henodilution.perfusion, or in the case of the
control animal e1ght hnurs after the First plasma volune.
determmatwn, the animal was braught back to the OpeTatlng
room, weyg}led, restrained on the table, exposed to radio,
music, and connected to the measuring Revicay For the:
:bloud‘pr‘essure and rectal témperature. The Toutine for
% the plasma volume determmat)un was thén repeated.

The procedure carr1ed out at eight hour post~

- perfusion period was repeated again at 16 hours and 24

. hours. During the 24 hour period the animal was not

allowed. fo drink and. eat. " The animal was allowed to -



survive and was sacrifé¢ced on the seventh post-operative
.day. The principles of labofatory animal care-as prdmul-

gated by the Canadian Council on Animal Care were observed..

3., Surgical Procedures
N e

“ Aseptic precautions we‘re observed during the
2 surgical plincedutes. Anesthesia was- induced with sodium
pentobarbital_3 (25 mg. per kilogram body weight) injected
intraperitoneally. The anes;:hesia was maintained at a .

superficial level so that the animal,would .rega:.n con- -

sciousness two to three hours after the conclusion of ,the
surglcal procedures. The piglet was. restrained in the

p _ : . e
supine position on a warmed operating table by means of
adhesive tape looped about its legs. A mid-line skin
‘incision about 3 cm. long was made caudal to the lower .

border 6f the larynx with an electrosurgical-blade."

The muscles in front on the trachea were separated longi- -

tudinally in the mi}c}-linc by blunt dissection, and 2 cm.

of the left common carotid artery was exposed. The artery
was ligated d:stally and a small bulldog clamp was ﬂpplled

centrally. A lxgature was then apphed loosely-about the

0

. 3INembutal, Abbott Laboratories Ltd., Montreal,
. " Canada. = : ) g

. ) “Birtcher, Electro-Surgical Set, The Birtcher Cor-.*
v * poration, Los Angeles, California, U.S.A.
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vessel between .the upper ligature and.the clarﬁp.‘ A size
5 French polyvinyl plastic tubeS was ‘cut' to a 10 cm. length
and fil‘led wit}.va sclh_tion of heparin sodium (200 U.S.P:.

¥ units per m1‘.). "T_hc catheter was fed past the clamp down
the artery through a transverse arteriotomy to thée level
gt_‘ the aortic arch and secured vi" a place bx the ligature.

'.‘vTh'e bulldog clamp was then removed. A second incision .

1.0 cm. long, was.made laterally, 1.5 cm. to the right and %

parallel to the kirst incision. The right external jugular '
vein was exposed and cannulated by a'similar technique.

The catheters were closed with plastic stoppers which

fitted tightly in the conical ends. The incisions were

closed either with 9 mm. autoclips or #00 surgical silk.

" The stoppered end of the catheters which protruded Zto 3

cm. from the closed incision were taped to the skin ‘of t‘he
;nimal to prev;ent damage. The animal was tﬁen aliowed éo N
regain Consciousness in its quarters. "
. / o
- s 4. Hemodilutio;l Perfusion '
a') _General d‘escription.
| Homodilution perfusion in closed thorax was

vaccomplished with an

infant type arterial bubble trap® . .

SBardic Feeding Tube, C. R. Bard, Inc., Murray

" Hill, N. J., U.S.A.

6Sarns Inc., Ann Arbor, Michigan, U.S.A.

' ’
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which“acted as the reserv?ir for the priming solut_ion, and
a roller pump‘; opetating on-both arterial and venous lines-.
Two sterilized 1/6" 1.D. x 1/4" 0.D. medical vinyl tubes®
of equal length were connected to the bubble trap (Figure
l: p- 40). This vessel has a trumpet-shaped inlet emerging
from the bOttol;l ‘and an ou~tlet situated in the bottom. One
tube was connected to the _rrumpe;, the-other \to' the outlet.’
The reservoir was filled by pushing the primirl.g solution
t;ﬁrough the two tuhés,rwith a large polypropylene syringe
to r‘e;nove any, air bubbles in the tubes. ' The two tubes were

then closed with stopcocks and inserted in the roller ‘pump

- éhead. A check mark was made on the reservoir to indicate

the level of the perfusion fluid. Before the piglet was’

- perfused, the two tubes were clamped and the stopcocks

removed. The piglet's catheters were also clampéd Aﬂnd thg
stoppers ;‘epnvcci. The tube running to tl%e trumpet was then
connected ‘to the arterial catheter, the other to the venous
catheter. - At the onset’of ?)\;:t;'acorporesl circulation the
four - clamps were removed and"t’he pump started. The
avterial blood was pumped into the reservoir at a rate of
50-ml. per minute and pumped back into. the animal at about :
the same rate. Slight alterations in the level of the

- 7Sarns Modular Pump, Travenol Laboratories, Inc.,
Morton Grove, Illinois, U.S.A.

v .
8Bard-Parker Company, Inc., Rutherford, N.J., U.S.A.,
R ) - :
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_priming solution were thoroughly wixed:,

42

diluted blood in the reservoir during perfusion were
immediately corrected by gentiy clamping either the venous
line when blood was ‘falling below the 1n1t1a1 1eve)., or
the, drterial 1ine whéh blood ‘was rising above the initial

level. Hence the volume of perfusate remaining in the

“pump at the termination of extracorporeal circulation was

always” equal to the priming volume. At the end of perfusion

the arterial and the venous catheters were 51mu1tane0usly

c_lamped and the pump stopped. Two I.U. of heparin per ml.
of diluted blood were mixed gently with ihe blood remaining
in the reservoir. Six 10-ml. syringes were filled up to

the 5.5 ml.-mark and stored at 4°C. in a refrigerator for .

subsequent blo;}d replace;nents after plasma volume deter- N

minations and analyses.

b) Calculatio}\ of the 'priming volume [vpr). ¢
An estination of each piglet's blood volume (EBV)
. based on 90 ml. per kllogram budy weight (Engclhardt, 1966,
Talbot and Swenson, 1970) and a determ}natxon of its «
cprrected hematocrit (LVH) were made before perfuswn.”

The volume of, the: priming solution was then calculated by

means of the following formuld-in order to achieve .an

hematocrit of 22 per cent when «the piglet's blood and  the - F

o L " . '
,Vpr‘[ﬂ I)EBV i p
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The priming/ volume thus calculated ranged between

45 to 180 ml.

c) .Calculstion of the perfusion time.

The construction of the bubble trap’was such that
the arterial blood flowing in could readily mi)’( with the
priming solution. Therefore the time requxred to mix the
pnmmg solution completely with the anxmal's blood could
be calculated by dividing the sum of the blood volume and

the priming volume by the pump flow rate (50 ml. per.

‘minute). This time was doubled, not'only to.ensure
complete mixing but also to simulate an hyputfletical
surgical procedure. The perfusion times were' in the order

of 14 to 19 minutes. * - ° =

d) Preparation of the two priming solutions.
The same batch of Ringer-lactate? was uied through-
.out this entire investigation. When using Ringer-lactate*
alone as the priming fluid, the PH of the solution was '
raxsed from an initial value of 6 5 to 7.4 by addlng 0.31,
_ml. of 7.5% sodium bxcarhonate solution!® into 250 ml. nf
ARinger-lactate. The 2% Rheomacro‘_iex in Ringér-lactate was

.prepared by mixing 50 ml. of 10% Rheomacrodex in normal

9Lot A 79, six 250 ml. bottles per case, Baxter
Laboratories of Canada Limited.

“10Abbott Lla'bjyar_y\ies’ Limited, Montreal, Canada.

JEIETE - S
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"salinel! with 200 ml. 6f Ringer-lactate. This mixture’ '

which Kad a pH of 5.9 was adjusted to'a final pH of 7.4 by
w77 the addition of 0.41 ml. of a 7.5% sodium bicarbonate
solution,- in order to buffer a possible hypoxic acidosis -
which is reported to occur in hemodilution procedures
(Najafi e; al., 1965; Cruz and Callaghan, 1966). The final
pH of these solutlons was checked with a pH meter.!?

The’ prlmlng solution was always warmed up at a
temperature of 38°C. before it was introduced ‘intu the
extraco}poreal circuit. During bypass, the perfusate was
Taintained betwéen/?ﬂ and’ 38°C. by intermittently warming

‘the reservoir with an infra-red lamp.

e) Hemat&crit determinatioﬁs.

Hematocrit values play a very 1mportant role in
this study.. They are used to calculate the priming volume
as described above and also for the calculation of blood '

Volume in association with plasma volume as will be N

2 described below. Blood samples for }wxematocrit deter-

- minations were taken from the vemous-cathétér. Hematocrit
values are therefore 1aryge.vesse1 hématoc;ig (LVH) values
(Swan and :‘Nf‘,‘lscn, 1971>) . Three heparinized capillary tubes

pér labelled culture tube were filled with“hlood‘which was

llpharmacia (Canada) Ltd., Montreal, Canada.

12Radiometer pH meter Typé pHM296; Sweden.



" . ‘ColTected during the plasma V;lumé determination. The
capillaries were then sealed.and centrifuged in a micro-
hematocrit centrifuge!3 at 13,500 g for 5 minutesj With- ‘.
this apparatus it is possible to read the hematocrit value

. to the nearest 0.1%:- The ‘_triplicat'e readings did not
differ more vthan this amount. (Table II-i, p. 54). The
values obtained were corrected for the 3% trapped plasma

(Talbot and Swenson, 1963).

5. Plasma Volume Deter! ation and

the Calculation of Blood Volume 5

P "\-‘

The determination of 'plasma volume is complicated

by'the fact that it takes time for the injected indicator

to mix thoroughly ;:icgl the circulating blood and also
because the indicator starts to dislappear- from the,circu-
lation as soon as it is injected. In order /to obviate
these d'}fficulties, several samples must be taken with

known time intervals.

a) Dye injection and dye sampling:
The plasma volume was determined by the T-1824 dye
dilution technique %Gregersen and Rawsoﬁ, 1959) . The

same batch of ampouled 0.5% Evans Blue Solutionl! was used.

s _— .
1
13pdams Autocrit centnfuge, Clay Adams, Parslppany,
N. J., U:S.A.
. 14Wazner-Chilcott Laboratones, Division of Warner-
Lamper Canada Ltd., Toronto §anada, Lot No. 0358040
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throughout ‘the study. . § 5

Assuming that the specific gravity of the dye is
unity (Strunia et al., 1968), it was then possible to fill
the syFings with 1.0 L. GEths dye By Welghing,

A 2.2 ml. sample of blood was withdrawn from the
venous catheter wi‘th a 2.5ml. ‘disposable syringe. This
sample was.placed into a labelled 10. x 75 mm. culture tube
containing 0.02 ml. of heparin (20,000 I.U. per ml.) and.
was, later utilized for thg:«pr‘epar’ation of the "bia;lk" and
the "standard" used in the dye-assay. The tuberculin
syringe containing the known amount of T-1824 was connected
to the catheter which was clamped and had its stopper
removes. In the following manipulations the clamps were
opened and closed according to demand. The dye was'pushed
in at a rate of about 0.5 ml. per‘ second; th_é plunger of
the syringe was then moved gently in and out th’ree \‘.:'nnes.‘
The tuberculin syringe was removed, fil‘lxed with 01 ml. of
heparinized saline and emptied into the catheter. The last
manoeuvre was also repeated three tim‘gs to wash out the
content. of the catheter (the volume of the catheter was
about 0.1'ml.). Finall&, a new 2.5 ml. syringe was attached
to the catheter in prepar‘ation for the next blood sampli‘ng.'

Blood samples were withdrawn at ‘exactly 5, 10 and
15 minutes. after completion of the injection 5nd.i.n the
following manner: the heparinized saline in the catheter

was flushed by moving ‘the plunger in and out, displacing a
B :
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volume of about 0.5 ml. Thereafter, 4 1.1 ml: sample of
biood was withdrawn vand put into a second labelled culture
tube containing D.‘Ol ml. of heparin. 'The catheter was . *
filled again with 0.1 ml. of heparinized saline and
connetted to ‘a new 2.5 ml. syringe for the next blood
sampling. The same procedures were repeated at 10 and iS
minutes following dye injection. The total amount of blood
withdrawn from the animal at edch plasma volume determination
amounted to'5.5 ml. (2.2 ml. for the "blank' and the
"standard" and 3 timgs 1.1 ml. for the samples). This ¢
amount was replaced imrixediat‘ely after the termination of
the above procedures (except for the pre-ber’fusioﬁ period)
with diluted blood taken from the reservoir (II, 4a, p. 39).
This bldod was warmed up to 38°C. After this,. the catheter
‘was flushed with heparinized saline and the end was closed
with the plastic étopper. " Finally the catheter was secured
“to the ‘animal with adhesive tape. The four culture tubes
co’ntai‘ni‘n‘g the heparinized blood samples were stoppered and‘
inverted five times. Thereafter, three capillary tubes for
the -hematocrit. determination were filled with blood from
each tube. The culture tubes weré¢ then balanced and sp‘un
for 30 minutes at 1,500 g in a centri%uge.ls The plasma

sariples were ‘removed -from the culture tubes with disposable

15Model HN, International Equipment Co. Massachuserts,
U.S.A. R . 4 ’

. @



capillary Pasteur pipettes and transferred into similarly
labelled test tubes. The first test tube contained plasma .
obtained from the 2.2 .ml. blood Sampl‘e before dye injection.

Two equal volumes of 0.3 ml. plasma were taken from this

.test tube and transferred to two labelled 10 ml. beakers.

The standard was pr‘epared by adding 0.1 -ml. of a 1:50

dilution of T-1824 solution in one of these beakers; the .-

mixture was gently swirled and aliowed to stand for 2
minutes. The blank was left as it was. An amount. of 0.3
ml. of each dye-tinged p‘lasma sample, obtained from the.
5, 10 and 15 minutes blood slamples; were also pipettg@)jntb

labelled 10 ml. beakers. IS

1] .
-
b) Dye extraction.

The technique of Campbell et aZ., (1958) was used
to extract the dye T-1824 from the plasma, but using smaller
volumes than these authors employed. ‘Each plasma volume '
determination yielded 5 plésma samples' in § beakers. During
on’e experiment, 5 such plasma volume déterminations were
made. Therefm:e 25 labelled extraction columns veré set
in racks._ ) &
| About 80 mg. of pyrex glass wool were firmly packed
with -a i‘ong glass rod above the small constriction of the -

extraction columns. Eight ml. of a suspension of purified

_cellulosel® in 2% Na,HPO, were transferred to the extraction

- 1680lka Floc SW-40-A was k1nd1y supplied by G H.
Wood Co. Ltd., Montreal Quebec, Canada.
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e
columns. The suspension fluid was allowed to drain out, 5
thus leaving an even column of cellulose about 3 cm. high
above the glass wool. Each prepared column was washed

with 10 ml. of 2% NnZHPO4. =

Five ml. of Teepol phosphate (3 ml. of Teepoll?
in 100 ml. of a 2% NazHP04 soluuon) were\added to. each
beaker to- precipltate all plasma proteins anq to dissociate
_the dye from the albumih. The contents were mixed by Yo
gentle sw1r11ng and poured very gently on the top.of then‘

respectlve column. Each beaker was nnsed out thh 5 ml.

of Teepol-phosphate and rmsmgs_ were also trans_ferred into

the columns. Whe;'l the.drainage was almost complete, 10 i
‘of 2% NaZHPO4 were poured qn the top of the column. During
the adsorption of the -dye by the cellulose. the flow -
through the column never exceeded 3 to 4 ml. a minute. As
soon as the drainage was complete, a labelled 5 ml.

" volumetric flask containing 0.25 ml..of 8% KH,PO,, was

- placed L‘mder the delivery needle. A 1:;mixture of-acetone
‘and distilled water was prépared ’and adjusted to a pH of
_about 8 with'a few drops of 1 N NaOH. Agout 2 ml. of this
solution was poured on the top of the column. The eluted
_Hye was collected in the volumetric flask. Thirty minutes '
latg}", a second portion of the same acctone-water s.a.ll\ﬂ.\tign
‘was péuted on t‘he top of the column and' the gluate_wés

17G. H. Wood Co. Ltd., Montreal, Quebec, Canada.
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> collected until the flask was almost’filled to the 5 ml.
mark. The volume was then brought to the mark with'acetone-
water, the flask was stgppered a;:d its contents were mixe.d'
by inversion. : )

The ‘optical dcnsitie; of the acetone‘water extracts -
“were measured With a,spectrophotomster!® at 620 mu fn
« 12515 % 45 mm. absorption cells. )

In order to check the efficlency of" thc

extractjon me'thod one dye so-lutxgn was made in . o
. the-same’ way b’ destribed sbove, but; in Tespai=
‘phosphate’ solution instead of plasma. It was
Tun through an_ édditi‘onal extraction column,
washed with phosphate and eluted with acetone-' -
water as already described. Thc optical den51ty o
of the eluate was compared ‘with that of a second
solution ccntalnxng the same quantity of dye

sadded toq’:‘l mlxture of 1 'ml of, 2% NEZHPOQ and

0.25 ml. of 8% KH,PO, whith was then brought to ey
a volume of 5.0 ml. with acetone -water at pll 8.0.

There was no more than 2 to.3 per . cgnt difference

in the opclcal dens1t1es of these' two solutmns. Y .

) Calculation of plasn}n volume. = % . [

The appar¢nt plasma volumé at time t (PV) was

18Unicam SP500 Series 2, Unicam Instruments Ltd.,
Cambndge, England. ’
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calculated from the v‘rvylume of the dye'vinjet-ted’,Athe' optical :

u1th a fcmula given by Campbell et al., (1958).. but re-

arranged in the_fullowxng fprm.

: 5 . . o~
: o [oPsra - OBy )
PVt = Vix DF O-D—O-D—- -
. b1k |
o - 'l L e
where, 5 - § &t
v = volume of dye solutlon 1nJected
© DF = "relatxve" dilution factor = 500 ‘(the_ standard,

contaxned 10 ug. of dye; 5 1)00 ug. were 1nJected

mto the ammal] 5
ODstd = opncal_ dens\xty, of the ‘standard 5
. (S . S
_'OpblkWH densi"ty of the blank A 7 B
Ds = optical density of the sample - .
A =

The - lagsnthms of the appareut plasma volumes at S,
10, and 15 nunutes were then plotted against tune as
Jllustrated in. Figure 2 p- 52. A straxght line-was drawn
through the measured pmnts .and extrapolated back to zero :

time. The relatnonshxp was so lxnear that a best flttxng

e drawn by hand. The" mtercept at
;eré tine ryprespn he plasma volume that would have .

Of the dye ‘in”the porcine clrculatory
8 e P c 4

X system were instantaneous: ana before'any loss of dye. The

vnlue obtamed at the ext‘rapolated point wayeferred to as
*the plasma volume (PV) ¢ iIn F1gure 2, this value-is 188 ml.
. %, v

b

o

Y

. densxty of the dye standard, t‘he"plrnsma blank -and the._sample



. Vplume at the instant of dye. 1nJe:t10' %
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PIGLET Nof42 -+ - o

" mi. Jogm. " A
220+ o 7 s g § : :

.. 205

2004 °
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FIGURE 2
CALCULATIUN oF PLASMA VOLUME

Ty 'The measured points represent plasma volumes at
time t ?S’V ) :alculated from blood samples collected at
-5, 10 and 15 mlnutes after injection of T-1824. The

extrapqlated‘ point (PV) represents the calculated plasma
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The above procedure is only valid when there are no fluid
shifts present in’ the animal during the period of sampling
(Gregersen and Rawson, .1959). The absence of fluid shift
can be verified by 't;bserving the hematocrits and pl;-xsma'_ )
prtl)tein CoRCantTutions) SIauTEaneouSTY. 'Thé F6l1owiig
t'ablve which contains arhitrarily.choser; data fro;n f.oui'
j:igl.ets,lillusirates t};atvneith:er the hematocrit nor thé_'

protein concentration cHanged du}in§ the sami:ling period

' (Table II-1, p..54). This check was made routinely in all

plasma volume determinations. No shift could be detected
v - s

and' therefore average hematocrit and plasma protein con-

centrations could be calculated using all values obtained.:

The blood volume: (BV). was calculated using the

o

plasma- volume and the hematocrit (LVH):

100
BV =" PV
. (T00-LVA)

6. Blood Analyses

* I-n the process of the plasma valume determ)natwn,
fnur blood samples were taken and each sample was sub-

sequently centrlfuged Frcm the plusma thus, obtained, a

part was used fm‘- the messurement of the dye concentrstxon.

The remainder’ was ysed for the blood analyses.

a) Plasma proteins.

Two methods were used to determine plasma” protein
g B i -~
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: . TABLE II-1 N
LARGE VESSEL.HEMATOCRITS AND PLASMA PROTEIN
CONCENTRATIONS DURING THE PERIOD (&SAMPLING

“FOR THE'PLASMA VOLUME DETERMINATION .
PG -y e s .
. Piglet # Hematocrit Plasma protein
) perceit’ concentration
2./100 ml.
* Sample # Sample #
1 2 - 3 4 1°7 2 53 &

20.9  20.8  30.0 29.9
20.9 209 -29.9° 30.0 4.8 4.8 4,9 4.9
Before” .0 30.0 2.9 20.8°

- d 79

‘a3 a4 a3 a3 ¢

A 2.3, 213 213 212 44 &S 44t A4
After a4 s a3 212 S
» -~ B Z
T 35.5 3505 "35.4 354 A \
: . S 4E50 3.5 3.4 3.4 353 59 58 57 5.8
(Bhours Cgc4  ss5 383 354
.. 244 242 A3 242
; 43 243 243 243 24.2 5.5 5.6 55 5.5
2hours 4’3 4.3 2.2 24.3
1 = Before dye injection
2 = 5 minutes after
'3 = 10 minutes after
4

= 15 minutes after.
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concentration de_pendiné on the absence or presence of
Rheomacrodex in the plasma sample. If there was no
Rheomacrodex p;esent, the biufet method was used as developed
by Kingsley:(1939, 1942) and modified by7Weii:ﬂs‘ell_)aum (i946).
For-the plasma samples containing Rheomacrodex, the filter
paper method cf’ Mé})s et al., (1961) was t’xsed. )

(i) Measurement of plasma protein conce[_xtra,iicﬁ and
© total circulating plasma protein in the absence.

" of Rheomacrodex. )
Biuret Method.

The analysis was carried out on all plasma samplesv
obtained; this was necessary because a check must be made on
.fluid shift during the pe;‘iud of sampling for the plasma
volume determination as mentioned above.(VII, 5c, p. 50).

One hundred microliters of eaéh’ sample were pipetted
and trafsferred to labelled 12 x 75 mm.. test tubes; they were
then mixed with 4.0 ml. biuret reagent. Blanks for each
sample were prepared by mixing 0.1 ml. plasma. samples with
4.0 ml. ®artrate-iodide. 'A protein standard was prepared in
duplicate using 0.1 mi. of 1.0% bovine albumin!® in isotonic
saline solution, which was then added‘m 4.0 ml. biuret
reagent. A'blank for the .standard was'preparedlhy mix‘ing
0.1'ml. bovine albumin with 4.0 ml. tartrate-iodide. “Two

reference blanks were prepared by adding' 0.1 ml. isotonic

e el ’ A
. 195igma Chemical Company, St. Louis, Mo., U.S.A.
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saline into two test tubes containing 4.0 ml. biuret -reagent
‘and 4.0 ml. tartrate iodide solution respéctively. .The
former reference blanl{‘was used for the zefo setting of the

spectrophotometer before reading the optital demsity of the

biur‘ét’-‘con'taining samples; the,latter was used before the

- blanks were measured. . . ’ . ot
) The optical density of the standardsana it‘s blank,
and 1‘:he ;amples and their blanks were read witix a spectro-
. photometer set' at a‘wave-len_’gth of 555 mu. ' Plasma pl;otein

* concentration was calculated as follows:

oD_ - 0D, B
PPC = gpi—opS% x g protein/100 ml. standard
st stb ., .

St whére, - .

PPC =.plasma protein concentration in grams per 100 ml.

' plasma

()Ds = optical density-of sample-biuret

ODSb. = optical density of sample blank
s onst: = optical tie,nsity of pr‘otein standard °, | e

0Dy, = optical.demsity of protein standard blank

Table I1I-7, p. 110, of the reshlts illustrates the accuracy !
"of the method. Twenty four samples were .each analyzed eight
: ! i '

. times. B .

A control measurement, to test the accuracy of

the method, ‘was aiways i:erformed at each series of




analys1s with human serum standard Moni- Trol 1“
Wthh has a known proteln concentration of-7 .g.
per.100 ml.. These measurements never deviated
more than 0.1 g. per 100 ml. B

(ii) Measurement of plasma protein concentration
in the presence of Rheomacrodex and its
¢ detectmn in plasma.

“Since Dextrans in plasma interfere with the biuret
method (Jacobsson and Hansen, 1953; Aronsson et al., 1966),

the plasma protein concentration in samples containing
7

Rheomacrodex was determined according to the method of Mans

tal., (1961).
Disks of No. 3 Whatman filter paper (4.0 cm. dia-
meter) were numbered, weighed to the nearest 0.1 mg. with

an- analytical Balance and mounted .on 26 gauge neédles. A

-sample of 0.1 ml. plasma was. delivered.with a calibrated

pipette to cach disk hich was then dried up undet an infra-
red.lal:np at 40°C for 5 minutes. The, disks were placed into
::an_fesp_ogdingly labelled 100 ml. beakers and immersed in/

S0 uml: of ice cold 10% triéhloroacetic scid for 10 minutes
in order tro precipitate‘ the .protéin quantita,tiv_ely into the'
matrix of the .cellulose fibers. .The disks were -subsequently
sdspendeﬂd twice for 5 minutes-in 50 ml. ‘of ice cold 5%

trichloroacetic acid.. They were immersed in 30 ml..of 95%

R 2"Dade Canadlan Laburatory Supplies L1m1ted
Montrea) Canada. . .
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L ethanol for 2, mxnutes, then suspended in 30 ml. of ether- - -~
) ethanol mixture (1 1) which was subsequently evaporated at
37°C. for 15 m1nutes. The dlSkS were resuspended in ether-
ethanol mlxturé for 5 minutes. and immersed 1n ethyl-ether
-bfor another 10 minutes at room temperature to remove alcohol
and water. Finally they were dried under the infra-red L’-;mp .
at 40°C. for 5 minutes.’ The pins were removed and the disk
weighed again. Plasma protein concentrations were calculated
from the two weights and expressed as gram protein per
100 ml. plasma. . :
A check of the method was always »made with each
determ‘inaﬁion using a’ standard humdn yi“i%.;;ma protein Moni-
¥ “Trol 1 (7 g7 per 100 m1.). These determinations were within
#, 0.1 g. of this value. )
) The presence .uf‘dextran in p}lasn!a samples was
d_etermined‘ by a mod‘ificat‘iun of the method described by
Jacobssopyand Hansen (1952): two ml. of 8% trichloroacetic ”
acid -wﬁadded to 0.20 ml. lplasma to precipitate the
) .proteins. JThe mixture was shaken, allowed to stand for 10.
: m1nute5 and centr1fuged at 1,500 g for 5 minutes.. One ml_‘.
of the supernatant was mixed with 5.0 ml. of 95% ethyl
alcoho_l. A "blank" was made by mixing amother 1.0 ml“of‘ =
_superriatant with 5.0 ml. of distilled watér. Both the,

optical dénsity of the alcoholic solution (OD_,.) and the

alc
blank solution (ODy;) were measured one hour'later with a 5

épectraphutbmetbr, ,at 720 mp and against the ,"hla‘nk"‘ ‘The
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amount of Rheomacrodex corresponding to. the corrected
optical density (0D 5. - 'ODbl) was read from a previously
"determined ‘standard curve.

(iii) Separation and measurement of plasma
protein fractions. - :

N Electrophorétic separatio_n of plasma protein into .,
five major fractions was performed on 2.5 x 15-cm. cellulose
acetate strips?! (Briere and Mull, 1964).  The analysis. was
carried out on each plasma sample obtalned before dye"
injection (II, S5a, p. 45).

" The cellulose acetate membranes were labelled for,
identification and allowed to float at the surface of a
high resclution buffer?? (tris-barbital-sodiun barbital,
pH.8.8, ionic strength 0.05 M)until they were uniformly )
wet‘: they were then thoroughly soaked by immersion “for a
GaTiGd,OF 15 Hinutes. AEEST SAtURALioN, the Menbranss’ wers
pléced‘dn the surface of 30 x 25 cm. glass-plate and i
“blotted lightly to remove oxcess buffer. When droplots of .
11qu)d were-no longer v1slhle on the surface, the stnps
were ‘positioned across the dividers of an electrophcret1c

chamber?3 containing 800 ml. of high resolution buffer.

. Z‘Sepraphore 11, Gelman Instrument Company, Ann
'Arhur,_Mlchlgan U.S.A.

22HR Buﬁer Gelman Instrument Company,dAnn Arbor,
Michigan, U.S.
’ '23Gelman Deluxe Electrnphoretic Chamber, Gelman
Instrument Company, Ann Arbor, Michigan, U.S.A:

I



Flat tissue forceps were used routinely to handle the
membranes except in the final step 6f~ mounting the membranes
within the chamber. Three mi;ruliters of plasma were loaded
on the push button serum applicator with a capillary tube.
The appﬁcatar was laid across the chamber ridge and the
plasma samplc was applied to the cellulose acet:he strips,
Lo 35 cm. from the outer cathodé support, bndge of the

" chamber. The lateral' edges of the cellulose acefaté
membranes were always kepts free of the sample. A second
application was mnde at exactly the same po1nt as the first
sample, the chamber was covered and the power supply turned
on. A constant voltége of 250 volts D.C. was applied for
45 minutes. After that,the strips were removed from the
chamber and stained in a bath of 0.5% Ponceau S in 5%
trichloroacetic acid for 10 minutes. This swiﬁing' pro-
cedure‘was.followcd by four rinses of 5% acetic acid until
the backgrou}nd stain was: removed. The cellulose acetate
membranes were dehydrated by immersion in.100% methanol
folj 2 minutes and cleared in a solution of 10{‘ acetic acid
in methanol for another two ‘minutes. They were then laid

out on a’'glass plate and dried at 60°C. in an oven2 for

15 minutes. The strips were peeléd ‘off' the plate’and
Elaced between two sheets of paper ,us:vi,ng'[a ‘heavy object for °

- ® 2"Gallenkamp Hotbox Model OV- 010 Canadian Laboratory
Supplies Limited, Montreal, Canada.

( . § . .
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weight. to pre\}ent curling. Examgies of electrdphoretograms
obtain;d‘ with this procedure are’given in Figures 8 - 12

PP. 91-95. i

The. transparent electrophoretic strips were scanned -

with an automatic recording and integrating densitoreter2S
equipped with a slit aperture of 0.1 x 0.6 m;n. vanﬁ',t’l No.
525 filter (absorption maximum-at 525 my) . n-ﬁpncace
-scannings were -done on each strip. Protein fraction counts
“obtained from the densitometer printout were added, each
subfatal ‘was divided by the totdl, amd expressed as o per-
centage. Four arbitrarily chosen duplicate scannings, eachv
composed of five percentages representing the five protein”
fractiong, showed a mean difference of 04 between two’
readings. Xnowing the total protein concentration of the
sample (IT, 6a, i-ii, p: 55) the protein concentrqtion of
each fraction could then be calculated.

“(iv) Identification of piglet's plasma protein
» - fractions. ;

PEGIEES PlasHAl S61 CHISL STy Was obaied Eron.
three piglets separate from those used in the main study.’
The. electrophoretic migrati'ons of the plasma
protein fractions of these piglgts was compared with those.
of the fractions of porcine plasma pro”tein which are )
g 25hensicord, Model 552, Photovolt, New York, N.Y.,
U.S.A. 2 5 o o
o ) . :

AS



<. 62

commercially available as Cohn fractions.?26

Two series of five 75 x 10 mm. culture tubes were
labelled re;spectively I, to. vy and I, to V,. Thirty-five g
.mg. Oof the first Cohn fractic.;n were added to tube I, .
and tube T,; 35 mg. 6f the second Cohn fraction were added
to tube Ill, and tube ”Z emv' coe s Eacl} tube of ther
first series received 1.0 ml. of isotonic saline. Tubes .
of the secnnd series recewed 1.0 ml. of neyborn pig
vplasma. The tubes were allowed to stand for 10 m1nutes,
they wéte then stoppered, slowly inverted 10 times and -
centr)fuged at 2,500 g for 20 minutes at roon‘ temperature. -
The supernatant of each tube was subJected to electro- L
phoretic $eparat1un. A concomitant ielectrophoresu was
made of the same piglet plasma that was used for the
mixtures in the tubes Dfitﬁe second series. Thus three
_eléctrophdretograns were obtained: one from.the piglet .

plasma’alone, one from the Cohn fraction alone, and one

from the mixture of the two (see Figures 8 - 12, pp. 91 -
95 ). Trlpllcate electruphuretograms’were made on each.
sample accordmg to the: method descrlbed above. The
1dentlflcatlnn of ‘the albumin fraction was made by a v)sual
comparlson between the dlstance travelled by t])e Cohn

albumin fraction alone (middle electrophoretogram), the

15Research Products D1v151on Miles Laboratones,
Inc., Kankakee, Illxnoxs, U S.A.
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X f‘irst band of the piglet's plasma (tc}; electrophcrgcdgram
dHi hs (1P Hand of Ehe iNtare (bevion electrophoreto- ,
gram) (see Figure 8, p: 91). Since the distance travelled
by a “fraction may vary from one electrophcretogram ‘to
another, these distances were related to r.he distance
‘travelled by the albumin fraction which is always the
largest. In the top and bottom electrophoretograms of
Figufes 8 - 12, the relative mobility (Mr) of the fraction
being ;malyzedeas expressed as the r’atio of the mobility
of this fraction to that of its'own albumin fraction. The
mobility was msasured as the distance travelled by the

fraction from the point of sample 4pplication to the center

of the 'e_lectraphoretic band representing this fraction. If 3
.the ra'%qs were similar, the‘fra_ctions in the piglet's
"plasma were identified with their 'cor'r.espundin’g Cohn
fractions. ) :

: (v) Total amount of circulating plasma protein
and its fractions.

. ' The totaln ar;ouqt of‘circulrating plasrv;a protein was
calculated as the product _of the total pro_tein concentration_'
. and thc plasma volume. Likewise, the total, amount of a
’ partl_cular prutem fraction was, the product cf ‘the con- .-~

centration of.this fraction and the plasma volume.

b) Electrolytes. .
. (1) Determination of total plasmn -osmolar concen-

tratwn.




Plasma osmolarity was measured cryoscopically using”
o @n osmometer.2” .The instrument was calibrated with 500 and .- - .
100 miiliosmol standard solutions prior to each series of
analysis. Two hundred microliter pl;sma samples were
pipetted in microtubes which were then inserted into the
‘refrigerator well of the osmometer. The samples vere super-
cooled and seeded by mechanlcal smrnng and the osmolarity
of " the plasma samples read d)rectly from the hand dial
after bringing the indicator needle back to zefo. Plasma
osmolarity-was expressed in milliosmols per liter solution
(mOsm/1). A1l measurements were made in duplicate.
Duplic}ite readings did not diffe;' more than 3 units. ) 5 ™

(:u) Determination of sod)um and pota¥sium -
—concentratxons.

Plasma sodium and potassium concentrations were
determined with a flame photometer2® equipped with an T
_automatic dﬂxtor. The instrument was set at zei:o‘using

"Lz dlluent" which consists of a solution of lithium stock.

.concentrage (1,500 mxuuquxvalen:s per llter) diluced in =
distilled water in a one to 200 ratio. It was callhrafed g

with a standard so).utmn of 140" mlliequwalents sodium

‘and §-nilliequivalents potassium per -liter distilled water .

3 c . i b A B
2-"!)smette Mudel 2007, Preclsxnn Systems, ‘Waltham, *
Massachusetts; U.S.A. F e
‘ 72811 Model 143, xnstrumenmuon Laboratory Inc., P &
Boston, Massachusens, U.S.A. . i ? 5t S
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which ha;ia been‘ diluted 200 times with "Li-diluen‘t . 1A 75
microliter saniple was lntroduced in the dilutor and ‘sodium
and potassmm concentratlons were ead dlrectly from the
dngxtal dlsplay in mllxequlvalchts 'pcr ’11tcr (mEq/1) .

All measurements were made in dupl:cate. The sod:um

% readmg d)d not dlffer more than 2 mllhequ:valents and

% . those of potasslum not more ‘than 0.1 milliequivalent per

: liter. | . . . L 8
* ol (iii) Determination of chloride concentration.
< * - Chloride ion cbx{cen,trationi was determined using
.| an automatic electrometric titration device,?? the i

principle of which is as follows (Lehmann 193”)
Chlofide in d11uted acemc acid solutwn is potentm-
metr)cally tltrated w1th s)lvcr nltratc (I\gNOS) usxng a

- s,rlver and-a potass1um sulfate eleccrode The dcv ce ,'

p - . .stops the mstxllatwn of AgNO automatncally when the
3

requlred ion concentratxcn, i.e., the equlvalence point is 3

R T oo F

Treached.: | " -
& v By S N About‘lO ml. of a 0.002 M AgNOg Solution.was
.. introduced into the buretté and the’ proper outflow from.
the hurette wasg:hecked. A beaker contammg 20 ml. 0£ G
Vi T 50ﬁ acetlc in dlstllled w.ater was placed on an electro-
magnctlc stirrer under the burette. -Thé electrodes were

2 g

8 et 8 29nadmmecer Titrator-Type TTT titration assembly
g% "Typc TTAT Radwmeter A/S, Copenhagen Denmark




automatically until the equivalence point was reached,. and

A

immersed in the'solution and the equivalence point was

selected on the potentigmeter (100 midlivolts). The

titration was calibrated by titrating 20 wl. of a Chlofide
standard (100 mEq/1) in ‘the acetit acid.solution; the
burette reading was ta]_(env, the titration carried out

a second burette reading was taken. -The value for the® |
chloride ion contentratlon (in mhq/l) was obtained by Lo
cuhtractmg bhe Jnltml”burette reading £rom the final '-/
reading at the end p int 28d multiplying the result by 100.

Plasa chioride snalysis wis performsd: Th the sane yay on. o, %

20 1. plasma samples. The analyses were made in duplicate;

the results did not d1ffar more than 2 mlll)equ)valcntS\ per

liter.. . 5 .

(iv) netermlnntlon of calc;um concentracmn > «

The dctermmatmn of free calcium ions in plasma *
was assessed by fluorumetrlc titration method3? (J'ackwn
et al., 1'962], the. prlncxple of which 15 as follows:
Di~so€1ium—ethy1e}ne:dxamlne‘-.tetra-a’cetate (EDTA) removes
calc‘%um' from the calcium-calcein complex; when all Ehe-' B
calcium ions are bound by PDTAthe original f1uurescencé 4
is qtienched.” The end polnt Of tfhe tltrat)an is’ thls

quenching of the fluorescence.
~

San Mateo, Cal)forn]:! U.S.A

300xford' Titrator Model 301,°0xford Reagents,




Fifty microliters (50 ul.) of‘a 10 mg? per 100 ml.
‘calcium standard, were titrated in 0.25 N potassium hydroxide .
" with EDTA using calcein as .a“ indicator: - The titration
vclume was recox‘z{ed fr{:m the dial reading. The same

procedure was then repeated on 50 ul. plasma samples

... . . " Calcium concentratwn was calculated as follows:

1 . Titration value for the unknown
. [eal = ritration valuc for the “standard * 10°mg: /100 -

"where,
-] , [cal < calciun c'ori\centration 4in mg: per 100 ml. plasma
The results wefe‘converted to milliequivalents per liter.

M1 measurements were made in duplicate.. Duplicate values

R i
did not differ more than 0.2 milliequivalent per liter.

Another example of the afcuracies of the above deter-

mnatmns is giYen by the analysis of the )‘lmger lactate

.o sulutmn (Tahle III-8, p. 111) o »
- N N ) v .
s - 7. Blood Pressure, Heart Raté -and s
¢ ‘.. .., Body Temperature Measurements 7, w

The arterial blood pr’essure Was recorded from the

carotid grtery, catheter by means of a pressure transducer ;31

a-pre- ampllher and a polygraph reco.rder.32 Static '

3‘Statham Type PZ3AA G)lson Mcd)cal Electronics,
M1ddleton Wisconsin, U.S.A. B

,' 3zMudel M5P, Gllson Medlca} Elect onics, Mlddleton,:
onsin) U S.A. . / .
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calibrations .were-c’ﬁrried out regu.]arlyv v{itl; a me?c‘ury-’

: filled manometer. The heart. rate was obtained from the
blood pressure tracing by counting the nimber of systolic -
.peaks that occurred in one minute. .

Rectal ‘temperature was measured with a thermlstor ¥
probe“ inserted to a depth of 3 centxmeters )

~

B % ‘S‘tatistical Analyses-and the
. Exponential Curve Fitting o .
All variables investigated were tabulatgdl {Appendices
page 173 to 199) Means, standard devi‘ations (s.d.) and- ’
Standard errorsof the means_ (s.e.m.) were ‘calculated after
insuring that the values wele more or -less normal‘ly T
disttibuted . The level bf slgnlflcance of the dlfferences
between the initial values and’ the observatmns at various
times-within.one group was'determlned by the palred

observation t-test. The 51gn1£xcance ‘of -the dlfferences

sy 0F the ‘mean values between groups at varlous times was

determmed by the t-test for the difference between the
two sample means (Snedecor and Cochran, 1969). Céalculatiors

“were carried out on a table calculator.“ e % - A

g

33'lherm151:emp, Yellcw Sprlngs Instrument 08.0:5 TN 5,°
Yellow Sprmgs,- Ohw 3 . 5 .

- 3"Mndel 9810 Hewlett Packard’ calculamr, Hewlett-
Packard (Canada Ltd. ), Halifax, Canada. -

e

2 |



' relation coefficient was calculated.

69

) The following significance levels were used:
** significant . 0.01 > P > 0.001

FhE hlghly slgmflcam. . P < 0. DOl

In this study, the terms 1ns1gn1f1canr_, Slgn]flﬁaﬂt and’

highly-significant, will be used only in the statlsucal

Usense as defin‘ed by the above .probability levels. The |

correla‘lmn coefficient was used to measure the 1nten51ty

‘of a relationship between twe variables. The data were
plotted in a' forn of a scatter-diagram; the graph was then
studied. for any apparent, linear welation, and the’cor-
“When the recovery of a physiological variable
after Bemodildti? perfusion could be expected to follow,
an exponential time course, anfi .vfhen" the observed values .

shéwed an indication of such a time course, an exponential

-‘curyé Eitting procedure was carried' out.

The observed: values (Yt) were made non- parametnc
I!l'_“} of the

by expressing each as A fractlo

Y = - Yo
otal change [-Y @ - Yo), where, Y = is the value.before

B

fhe/s-cai‘t b'f perfision or the value at 24 hours, whjchever .

was greatet,vand Yo'is the, minimL{m value obtained
unmedutely after perfusion. The logari thns of these
fractlo)fs were thcn plotted agam&t time. " If the dots

appeared to lie on a stralght 11ne and the llné appeared to

- intercept the, ordmate dt its or;gln (log y 0), a straight

“ line was(,fltted using the method of’ leasr. squares but




ough the origin. This line rep-

" resented a single exponenthgl rNationship. T1f a linear
} di‘d not go thr‘ough
- the origin, a doubTe exponential TeTwPlonship could be
=3 assunedy Tn AhaE cdse the liriear cquation of the slow
) component was calculated with the method of leasﬁ»squar_es
and the fast component. estimated from a second plot made by
— v reading the differences betwn‘en “the calculated line and: the

lines-were converted into time comstants (r =»— D where,
. | o #

o )nterpolatlun between the fractions. , The slopés of the

< is the time required for a change of 36.8 per cent. "This
time constant indicated the rate of restoration of the .

variable undgr_study‘,‘ P
‘If. no li.neaf relationship could be recogoizéd no
attempt was made to express the changes of the variable - ~

.- under st.udy in any mathematlcal form.” *On the graphs, ‘the
obsetved valucs were then simply: connected by stralght
lines. b X o . OBy

A valuels plotted on the g‘raph"s were mean ‘values - ]
plus or minus one Standard devlatmn or standard error of
the mean w}nchever wa> apphcable . fhis standard’ devlatldn
" or standard exror .of the mean‘was' indicated either upward

. . or downward for the purpcse of clarity . . “®
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RESULTS

[ " Pilot Study
© ; T

v A’pilc;t iyl hasell on 4 anindis: wesnumberriken oo
< “fest the feasibility of lowerlng the piglet hematocrit to a
value between 20 and 25% (I, 9; p. 31) and b practise on
the experinmental pro:eduref

Each animal was subjected to

surgical procedures and to ‘hemodilution perfusiop s’ o,
described in sections 3 and 4 of Chapter IT. The volume of
the priming. solution was deternpned by the Siglet blood

o volume and its.hematocrit (11 "4b, 'p. 42)." A hemodilution
resulting in a mixed hematocrit/gf 233 -was the first target..

Only buffered Ringer-lactate was used as a priming sqlution.

!
|
{

The prining volunes varied from 51.0° to 97.0 ml. The

hematocrit values 1mmedlate1y after the terminafion of

- perfusu:n ranged betwéen 25.3-and 23. 93" ‘A1l an)mals
<urv1vcd this hemodiluticn perfusion and were' in good

condltlon after seven dnyw;

The target hematocrit was then

brought den to ZZ% and these anlmals also surv)vcd They

- weré subsequently included in the present study




. 2. Preséntation of Mate <

The r'ésul.t,s presenteduin this chapter are showr -
\‘ i graphically, theé_graphs being prepareg from mean values ' v ¢

“obtained from.15 piglets in each of the ‘three groups,

i The actual values cbtalned in each experiment for

" each of the, 23 variables that vere elther measured d1rect1y

an.or calculated 6) from thgse values are presentéd.in

f Tables 1-23 of .the. Appendix A, pfkes 175 %o 195. ° &

. L The mean' values af-circuxating SiiES W FIaBHE

¢ proteins, 4lse obtained from this data, ‘are presented in .-

- Tables 1-3 of Appendlx B, ‘pages 196 to 195 . D e -

o

. : . ‘The est)matwns of plasma dextran contentrations
. after hemodxlutwn are given in Appendlx c- Table 1, page 199
& “ All tables in Appendlx A havc the same format. Wlthln one -
- group of 15 animals the p]glet numbers and the data of each
1nd1v1dual piglet are shown as ‘they were collected bef&re \

_perfusion (before) immediately after (after), 8, 16 and 24
¢ £ § 3 "

. hours after- perfusion; moreover, the'value’s observed in the
'cxtracorporeal chcmt 1mmed1ate1y after perfuslon (pump)
are also glven. ’ )
In_the present investigation the ‘emphasis is on>
a\ierages obtained from gro:up_s Tather phan on the results
obtained from each individual anima‘l'. Ti\e tables,%however
@ . Contaih all data of all experimental animals in order to. . B
: « make compa§i§pns within a g‘roup ‘and also- to demonsgr?té the .+




" variability existing within a' group. Statistical_com-’
parisons were made within eacl:x group on ihe differences
“in values between lth‘e values before perfusion and the ’
Subsequent values’ T, 8, p. 68). The results are
indicated in the tables by I, for the comparison with
the intial value (paired observation t-test).
* .. . For-the statistical comparison bet»}ggn_groups,:

means. and varian‘ces were calculated. * The comparisons

‘between the expeumental groups and the sham- operated i,

group and the ,COmpa}'lSonS between Lhe Rlnger lactate,
) and ‘the Rheomacrodex. group are indicated in the tablés
by 'S and R respectively. :
F Because plasma volume has an»unduly'h’igh
-variance in a group »'i'f;hudy weight is ot faken into..
agcount (Table III-1, p. 74 ), plasma volune and biood .
volume are expressed per kﬂbgram body welght (Appendlx

A, Tables 3 a?d 4). Anounts of pTDl‘eln'\S which are the’

e product of céncentration andsplasma yolume are expressed

in grams’per Kilograr hud>y weight (Appemllx B).




TABLE III-1° - .. ; 8
. . " REDUCTION OF VARIANCE OF PLASMA' VOLUMES
< ... BY TAKING BODY WEIGHT INTO ACCOUNT--~ .
« . " 'The Coefficient of Variance ! =~ v .
L (c.v. = -s.d./mx 100)% =
. is reduced to more. than onc hdlf
3 "Before" i
. “RL Sl b
] - E o | Sham v . )
e : . PV .PV/l(gJ PV™ PV/Kg| PV PV/Kg
. ‘mo(ml.) © |183.0 6430 [178.4  64.0.[186.1 63.5
W T sidl - 24.2 4.0 [18.9 3.1.| 27.6 - 3.9- .
g “c.v. 13.2%  6.3%).10.5% 4.8%| 14.8% 6.1%:::

e, . . *m = mean; s.d. = standard deviation; i
c.v.. = coefficient of variance. 3

0" . Although the priming voltme was prepared for each
piglet individually (Tdblé.11T-2, p. 75) taKing not only
budy welght but also hematocrit into dccount ‘(II, 4b, p. 42)
an average prlmmg volume was requued for subsequent )
conslderaupns Xt , 65, p. 80). These averages were
33.7 ml./Kg. for the j?ir}ger-l‘act‘atee group and 336‘0 ml‘/]'(gi.
fof' the ' Rheomacrodex’ group. °: ) e ;

: ’ B the subsequent text the sham-operated group will

be rcferred to'as. sham group, the R)nger lactate group and- w
_the Rheomacrodox group as -RL group. and LMWD group respec- ’

. t)vely

".




\ ;
immediately after the termination’of perfusion; Table

] . 75
° L v
. : - TABLE I1I-2
PRIMING YPLUMES (ML.) IN THE
) TWO ENPERIMENTAL GROUPS
Ringer-lactacte * 2% Rhéomacrodex

Piglet # o jPiglet #

.65 i . 130.9 | 114 113.0
70 ) Cos9.2 | 115 . L 157.3°
71 96.7 | 116 - - i 73.5

e ©. r100Ms | g . }

76 7 77 .7 9s.0 | 122 * 69.8 "
79 . 85.0 | 125 5 T 1
80 CoT 10 a7, 110%0 -

82 o nlofe 0 ans

.83 Heor T 85.3 | 131, ’ 189.9
85 S, 108,09 T33O 115.07
95 v 3 120.8 .136 | - 1004
98 . 90.7 | 138" . - 89.4
99" 112,10 77.2
102 e 82.0 | 142 s o924

o108 - 4 . 89.4 | ~1a4 N 44.2

i %, . o
3. The Thoroughness of the Mixing
During Hemodilufion Perfusion e

The' succéssfulness of mixing the anipal's blood

;:ith the priming.fluid was examinéd'by comparing the

observed in ‘the animal and in the extracorpéreal circuit

.

T

.hematocrits and the concentrations of the blood constituents




I11-3 "1; 76 shows' the results. The mean differences

between the two values and the standard devmtwns are

cldse to zero, 1nchat1ng that the m1x1ng was indeed | . s
T
complete for all exper}mental animals. 5 ,
& Y g
. TABLE III-3

" . MBANS,AND STANDARD DEVTATIONS OF THE 'DIFFERENCES BETWEEN =
THE VALUES OF THE VARIABLE OBSERVED IN THE ANIMAL AND IN
THE EXTRACORPOREAL CTIRCUIT IMMEDIATELY AFTER PERFUSION

~ RL ‘Group c - JMiD Group
Mean of’ " s.d. of [Mean of s.d. of
w diff. CTaiff. | diff. | S diff.

e e ke 0:29 | 0.0 ©0.03 .
——pic_ " | 0.0 005 | "0jo 002 L
. Albumin _ |.-0.02 ¢ . 0.7 | w02 0.07. . -
Globulins . "a v

G Alpha- 0.02 - 003 | 0.00, . 0v04 -
: Beta * 20,0007 . 0.06 4+-0.01 . .7 10,03 ..
. Gamita - 0.03 . S 0.07 | 40.01- T 0.06
© Fibrinogen | 0.01 © 0.1 | 0.00 . 0.0 e .
” Osmolarity [ L 1.2 _‘ CoL2 '
Sodium  , | -1.1 L : 350 " Tk
¢ ‘Potassium 0.0 ; 0.8 0.2 T
~+ .. +"" . Chloride 0.0 R SRS IS SO 2.1 "
v Calcium, 0.0 " .03 0,0 7 ol
: . 7 4. 'B‘odz Weight ” Ve
There was a decrease in body weight in all three 1

- groups during the 24 hour eS(peerent due to starvation and




.
dehydration [Appehdix A-Table 1, p.-173, Figure 8, p. 78 ).
The average weight losées e‘xpfeséed as the difference

between 1mtlal and" final welght were 262 g. for “the sham .

+ group, 278 g.‘fur the ?L GEoHE AR 280 . for the LMWD

group.
4
a
5. .Large Vessel Hematocrit
A’Il‘ hematocrit -vqlués are presénted in Appendix’ A-
Table Z; p. 174.  Fach value is an average. of 12 reudings.
(I1,"5c, p. 50). : ‘Ave.r,‘agebs of the grox;p_s &7, SHowE, 55 Ly
_ Fidure 4, p. 79! : 7 S B
The degree of hémodilution which occurred during

. the per'ioé uf‘perfusio‘r{ ‘was ref‘lected by a decre_as‘e in the ~

hematocr)t value 1mmed1ate1y after perfuswn‘« The 't-;irget o
value was 22% ('[I .4b, p. 42) The hematocrx’t of .the RL “
group was huwever slgnlflcantly hlgher than this value,
whereas that of the LMI\'D group was s1gn1f1cant1y lower
(palred observatlun t test). “ o«
Despite the fact that the pri mg volumes were

calculated the same way for both groups, .the decrease 1n ’

the hematocrlt was 51gn1£1cant1y greatcr in the LMWD group

* tHan in_the RI._. group. -The former showed a contlnuous and’

dhile the

{highly signi(ipéné rise during ithe 24, Hours ©

" latter 4howed a hlghly si gn1f1cant fall yntil 16 haurs and

i then no change between 16 and 24 h

TS. The sxgnl ficant
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rise ir‘x large ,vessel hematocrit observe;:l’ at 8 hours .in the
sham- group w;s maintained. until 24 hours. The dlfferences
between the LMWD and the RL group at 0, 16 and 24 hours
were stgnlfxcant. Miscroscopic inspections of the -

erythrocytes did not reveal any sign of damage:

6. Plasma Volume

a) Changes in ’plasma volume within hemodilution
N 3 i

perfu‘sion'period.. i L

L/MI observafions are presented in Appéndix A-Table 3.

The averages of the groups are shown in Fxgure o p. 81 rad

i- There was a drastic decrease in the plasma volume™ "

Nuring perfusmn in hoth exper)mentgl groups; the-largest
fall was observ‘ed in the RL group (14.2 ml./Kg.) which was
significantly different.from that in the LMWD group

(7.8 mI'./Kg.). This is at-first sight surprising since
the volume of the extracorporeal circuit was kept constant
and since there was no blood loss during the period of
perfusion. The constancy of the animal's fluid volume was
also refle‘c_ted in. the constancy of his body weight: the
.difference between bcgly weight before and after the per-
fusion was 8 g. (s.d. = 1) for the.LMWD group and 7 g.
‘(s.d. = 2) for the R_L group.. (In the latter gr&;up, piglqts'
70, 76, 99 and 102 were, left out from the calculation

-
because they urinated and/or defaecated during perfusion).
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FIGURE 5 ,
,o N PLASMA VOLUME. BEFORE AND FOLLOWING
: HEMODILUTION- PERFUSION

The ‘Bars: shown £5¢ esch; vaiue: représent the’ _
standard error of the means within the group of 15. animals.
The reader is referrea to Appendix A-Table 3 for statistical_
comparisons. The curved lines‘give’nb in the main graph were -
obtained from the linear relationships s}:own in the insert £

‘from which also time constants « were read.,  This technique

“ . s described in Chapter II, 8, p. 68.
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The above differences come very close to the amvnunt of
blood (6 g-) which was withdx’*awn' from the animal but could
not be replaced (II, 5, p. 45). '

It nay beargued that plasma volume determinations
_immediately after hemodilution-perfusion are in error and
that the observed deficits are artifacts.“ To investigate
the validit); of “the plasma volume determination immediately
after.perfusion another approach was made: plasma volume
was calculated using the concentrations of blood constitugnés,
and: assuming that the total, amount of a partigqular plasma
constituent (proteil; or electrolyte) before perfusion
equals the total amount after perfusion. This aﬁsumption
1s 'va1id When' kidusy function.is negligible diring the v
perfusion period and when theré is no loss of the con-

. stituents into the extravascular space du}[ing'thgt period.

The balance equation :for the total amount of a
particular coénstitutent before and after perfusion can be

written as follows:

. - . 100 - Ht
Vi'Ci * Vpr'Chri Va'Cy +’vpr[ ~T100

where:

V,"C; is the amount of the constituent in the animal before-

perfusion, . ¥
vpr cpri is the ar:uur}t of the constituent in the extra-
corporeal circuit-before perfusion,

V., C, is the amount of the constituent in the animal after




in which:

in the priming volume and in the perfusate respectively; .

1II-4, p. 84.

perfus;on, . w g
. : .

100 - Ht |. s . %
VPT [ —To7 . ] Cpra- 15‘ thg ;vzmqunt of the constituent

left behind in the e'xtra‘cvrporeal circuit after-perfusion,

Vi’ VP and V are* 1n)t1a1 plasma volume, prlmxng volume

and plasma ‘yolume after perfusion x‘espectlvcly‘;
C'i and,» Ca are the concentrations of the constituent
before and after perfusion respectively,

pri

Vor [ AQQT%BEE ] represents the "plasma volune' of : -

“the perfusate.

The equation can be rearranged ‘to sulve f;)r V P
stng .average-values of initial plasma volumes, prlm)ng
volumes and. concentratmns uf various bloud constltuents,
the following values for Va we.re obtainéd and compared with
the plasma volume determinations made by the T-1824 dye,
qiluticn t‘echniq\;e imn‘\ediately after perfusion (V Vs This
value was 49.8 ml./Kg. for the RL: group and 55.7 m] /Xg.

for the LMWD group. The results are 1nd1cated in ‘Table

C .. and cpra are the concentrations -of the constituent
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TABLE III 4

ESTIMATF.S OF PLASMA LOSS DURING' HF.MODILUTION PERFUSION BASED -~
ON THE CONCENTRATION OF PLASMA AND PERFUSATE CONSTITUENTS, ’

. Constituents ( RL Group LMHD Group ;
v, vy lv, A

ml./Kg. " ml.l/l(g.
Albunin s7.0 . . - 7.2]64.5 - 8.8
Globulin 54.5 - 4.7/60.0; o
Fibrinogen 51.5 - 1.7(60.1 : -4
Sodfum 1.1 ~21.3(69.0 . ¥ 13,3
Potagsium 71.4 -21.6(67.5 : -11.8
Chlori 76.3 =-26:5|77.4 5 =27
Calci 66.3 - -16.5(58.5-~ © 0 = 2.8
Osmolafrity. 68.4. -18.6 71.6 o -15.9

== 4 *" It can be seen that. the agreement betueen _the calculated

(8 /% ) and observed plnsmu volume (V ) was close when *

constituents of large molecular size were used for the

; v calculatmn, and it appeared ‘that .the larger the molecule,
,the closer was the agreement. Thls agreement was poor when
ion concentrations were uéed; ions did not comply with the
assumption stated nbov:e, as coﬁ}d be expected. It can be
concluded that the aboveqapprvoa-ch validated the plasma

_volume -determination by the T-1824 technique immediateiy

aftey perfusion and the subsequent detection of pIasma ‘

volume defxcxts during perfusmn

b) changes in plasma volume after hemodilutiofn

‘perfusion. N .



The plasma volume values of the thréee groups were

. very, similar at the béginning of the eXperiment (Figure §,

).- The shim group showed an unexpegteéd fall in the

B
‘fladma volume -aft) T 8 hours. This fall was likel); to be
a gradual one because a repetition of pls;ma volume i
determination. about 20 minutes after the initial one would
probably have yielded a same value. Therefor‘e the value!
shown for th'is‘grou‘p at time zero is_vthe same plot as t’he
"bcfﬁre perfusion" value. This method of plo;éing was
cansivst.ent‘for all such data. Immediately after perfusion,
Fhe .iwo.experimeﬁtai gro_lips showed a marged decr“ease in
p’lasma volume, as already discussed. : At 8 hours the plasma
volun;e ‘values of th‘e three g‘roups were similar. Fru"m there *
on, plasma vt;iumes 'see:lued to be restored progressivel‘y. ‘The
restoration in the shafr;g—ro;x; followed the same pattern‘ as
th_at in .the LMWD group, whereas the restoration in t:he RL
group v;ras somewhat faster. This was a‘lso indicated by tixe
time cuns":ants caléulétéd for {he experimental éroups.
These time constants (t) were calculated using the initial

- value as the target value cc; which plasma volume tends to

" come- back ‘(y w)._ Further ekplanacibn of this technique is
given in Chapter II, 8, p. 68). This calculation of time
constants scems ‘to be better than to compare the data of

_"t!:e. expe-rimentgl groups with. those of the -sham grbup and to
conclude that the experimental animals alje"'hack to normal"
after 8 hours. In Ehe RL group and the LMWD group, t.h_é
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replenlshment of the lost plasma volumes fnllowed a slnglc
exponenmal curve and had a time constant of 10.8 huurs = i
and 23.1 hours respectivel_y, In the RI:. group, the plasma
volume did not, di£fer significantly from the initial value

at 16 and 24 hours whereas in the LMWD group it remained

" still significantly lower.

7. - The Disappearance’ of Rheomacrodex Fromwthe
Plasma After Hemodilution Perfusion

In Appendix C, the-observed concentrations of

dextran.in plasma are presented. Immediately after per-

‘fusion, a mean con¢entration of 0.49 g. per 100 ml. was

found. After 8 hours, only 0.06 g. per 100 ml. was: left.
] o o f

°t 'the ciiculatipn and-at 24 hours, no dextran .could be

detected anymore (Figure 6, p. 87). 'The .disappearance of
‘dextre‘m fo].lov;led a double exponential curve; the-time
constant of the fast component was in the order of .2.6 hours,
and ‘that of the slaw component 16 hours. A cuns;derabl_e

amount. of Rheomacrodéx must have d1sappeared‘ during the”

" period of perfusion because it can be calculated that the

concentration of the Rheomacrodex in the cn‘culatlon would

have.been 0,7 g. per 100 ml. ‘plasma if mixing had been
Jnstantaneous and ne Rheomacrudex was lost from the-
c,lrculatlon‘ (Thls concentratlon can be obtained by
d'ividing the known amount of Rheomacrodex administered (tn@

the animal by the sum of plasma volume and priming volume) .
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| ..—FIGURE 6
THE DISAPPEARANCE OF RHEOMACRODEX FROM
PLASMA AFTER HEMODILUTION PERFUSION

The |bars shown for each value’ represent-the standard
deviations within the group of 15 animals. The read®r is
referred to[l\ppendik C-Table 1 for statistical comparisons.

. The curved lines given in the main graph were obfained‘ from
the linear Jelationships shown in the insert from which also
‘timeA constants t ‘were ‘read. This technique is described in.
Chapter II, 8, p. 68. The open circle represents the
calculated concentration which would have existed if mixing
was instantapeous and no dextr_anuas 1os_t from the ci;culption.




w T " ~ 8. Blood Volume .

The. observed blood volumes as calculated from’

plasma’ volumes' and hematocrits are.presented in Appendix

A;Téble'A, p. 176. The average values per group are shcwn

. . in Figure 7, p. 89 . L«n k .
The pre-operative blood volume values averageg[

91.4 ml./Kg.,. 91 7 ml. /Kg. and 90 8 ml./Kg. in the sham,

RL, and LMWD groups respé tlvely. A mean»bluud vol‘ume

deficit of 27.2 ml./Kg. in the animals perfused with Ringef-'

lactate and 19.6 m1. /Kg.‘ in those perfused: with ‘Rheomacrodex

'was observed 1mmedlate1y after the termination of bypass‘ —

Durmg the next 24 hours the replenishment [of blood volume

in both groups was consistent w1th a single exponential

cur_ve. The curve had a tlme constant of 28.3 hours/and 45:3

hours in the RL and LMWD groups respecnvely‘, ‘Consequertly,.

at the 24 hour reading, the blood Vvolumes’ in both groups

wére still signit:icantly lower than their initial values:

In the sham- operated group the blood volume was markedly
reduced at 8 hours, but at 16 and 24 hours it had sufflcxently
1ncreased to approach the initial vdlue. Dunng this fall .

and subsequent rise it remamed ‘however, significantly

larger than the blood volumes of the two perfused groups.

. cnGy
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FIGURE 7
BLOOD VOLUME BEFORE AND FOLLOWING
* HEMODILUTION PERFUSION

The bars shown for each value represent the standard

ewrror of the means within the group of 1S animals. The 5
reader is referred to Appendix A-Table 4 for statistical /

~ comparisons.

The curved lines given in the main graph were

obtained from the linear relationships shown in the insert
from which also time constants & were read.  This technique
. is described in Chapter II,‘8, p. 68. o
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. .- 9. Identifitation of Piglet's ;
R Plasma Protein Fractions
In order to determine concentrations of various BRI

protein fractions ir; newborn pigs (III, 10 b, p.- 96 ) it

was fiTst necessary to identify theé‘e fractions i‘n electro-
p)mretcgrams since this has not been reported pTEv1ou51y

in the 11terature. . y i )
5 The electrophoretograms of the piglet's plasma,
the _porcine Cohn fraction.and the mixture of the two are

presented in F)guref/a to. 12, pp 91 to 95. .

The telative electrophoretic mobility of plglet s . .-

plasma protein fracuons w1thouu and with the addition of
. porcine Cohn fractions is.shown in Table II1-5, " below.
The results. indicated that the electrophoret:_lc migration
of each’plasma protein fraction remained the same when the.
relevant Cohn fraction was added. .
. TABLE ITI-5 e .

RELATIVE ELECTROPHORETIC MOBILITY (Mr) OF PLASMA PROTEIN

FRACTIONS: FROM PIGLETS, WITHOUT (MTI) AND WITH (Mrz]b

ADDITION OF’ 'PORCINE COHN FRACTIONS
’ (MEANS AND RANGES OF VALUES)

g * .
. . Globulin Fibrinogen ;
- Alpha Beta - . Gamma . e
Mry T 0.62 0.46 0.14 0.31
. =f(0.61-0.64) (0.43-0.50) (0.13-0.16) |(0.29-0.35)
Mr, 0.62 046 0.14 0.32-
(0.60-0,64) (0.42-0.52) * (0.13-0.16). |(0,30-0.36)
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FIGURE 8

CELLULOSE ACETATE ELECTROPHORETIC SEPARATIONS OF PIGLET
PLASMA PROTEIN FRACTIONS, WITHOUT AND WITH THE ADDITION

Legend:
1L
2,
B

OF A PORCINE COHN FRACTION (ALBUMIN)

Plasma protein fractions from seven days old piglet
Porcine Cohn fraction

Piglet plasma protein fractions after addition of
the porcine Cohn fraction
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FIGURE 9
CELLULOSE ACETATE ELECTROPHORETIC SEPARATIONS OF PIGLET
PLASMA PROTEIN FRACTIONS, WITHOUT AND WITH THE ADDITION
OF A PORCINE COHN FRACTION (ALPHA GLOBULIN)

Legend:
1. Plasma protein fractions from seven days old piglet
2. Porcine Cohn fraction
3. Piglet plasma protein fractions after addition of
the porcine Cohn fraction
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2
BETA
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FIGURE 10
CELLULOSE ACETATE ELECTROPHORETIC SEPARATIONS OF PIGLET
PLASMA PROTEIN FRACTIONS, WITHOUT AND WITH THE ADDITION
OF A PORCINE COHN FRACTION (BETA GLOBULIN)
Legend:
1. Plasma protein fractions from seven days old piglet
2. Porcine Cohn fraction
3. Piglet plasma protein fractions after addition the
the porcine Cohn fraction
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FIGURE 11
CELLULOSE ACETATE ELECTROPHORETIC SEPARATIONS OF PIGLET
PLASMA PROTEIN FRACTIONS, WITHOUT AND WITH THE ADDITION
OF A PORCINE COHN FRACTION (GAMMA GLOBULIN)

Legend:
1. Plasma protein fractions from seven days old piglet
2. Porcine Cohn fraction
3. Piglet plasma protein fractions after addition of
the porcine Cohn fraction
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FIGURE 12
CELLULOSE ACETATE ELECTROPHORETIC SEPARATIONS OF PIGLET
PLASMA PROTEIN FRACTIONS, WITHOUT AND WITH THE ADDITION
OF A PORCINE COHN FRACTION (FIBRINOGEN)

1. Plasma protein fractions from seven days old piglet

2. Porcine Cohn fraction

3. Piglet plasma protein fractions after addition of
the porcine Cohn fraction
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10. - Plasma Protein Concentrations -

a) Total plasma protein concentrations.

The observed total plasma protein concentrations

are presented in Appendix A-Table 5, p. 177 Each value is
the average of four determinations (IT, Sc, p. 50). The

erage values per group are shown in Figure 13, p. 97.

There was a marked fall in the total plasma prot
doncentration of ‘the two experimental’ groups imiediately
after the termination of bypass; this fall'was significantly
greater in the LMWD group. During the next 24 héurs, total
plasma protein concentrations in both ‘groups were restored
exponentially. The tate'of restoration was fuch fas‘te’r in
the LMWD group (x = 1.6 hours) than in the RL group
(v = 15.3 hours). Only in the former did total plasma
protein concertration return to the initial value; as early
as eight hours after perfusion, no difference couid be found.
The total plasma protein concentration in the sham-operated-
group remained the same throughout the experiment.

i A " 5 i
b) . Concentration of each plasma protein fraction.

The relative percentages of the electrophoretically
separated plasma protein fractions are presented in Appendix
'A-Tables 6-10, pp. 178-182. The concentration of each plasma
protein fraction was calculated by _n§u1cip1ying the relative

percentage of each fraction by the total plasma protein
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" - FIGURE 13

TOTAL PLASMA PROTEIN CONCENTRATIONS BEFORE
AND FOLLOWXNG HEMODILUTION PERFUSION
@

" - The bars shown for each value represent the standard

error of the means within the group of 15 animals. - The
reader is referred to Appendix A - Table 5 for statistical
Comparisons,‘ The curved lines given in ‘the main graph were
obtained from the linear relationships shown.in the insert
from which ‘'also time constants t were read. This te¢hnique
is described in Chapter II, 8,'p. 68.

. : .

{




concentration. These results-are given in Appendix A-

Tables 11 to 15. ‘The average values for each group are

L4, . . N . .
not presented graphically because their restoration pat/ggrns-

were essentially similar to that of the total plasma pratéin

concentration, i.e. there was no change in the sham group,

a return, to normal values at 8 hours in the LMWD group and

_a slower restoration in the RL group.

11. Circulating Amounts of Plasma Proteins

Thé total circulating amount of a particular protein

is the product of the plasma- volume and the concentration of

'this protein., Fot subsequent considerations, these total

amounts _have been calculated for eacH 1nd1v1dual plglet at

all sampl)ng times; but only averages\per group are presented -l

in Appendix B-Tables 1-3, pp. 196»—1_?8. ‘Each tal}le renresents
one group. The format is' the same as in Appendix A, except
that the individual values are left out. The compar‘isons are
indicated by the letters I; S and R: "I fur’ the compafison )
w‘ith t‘he initial value, Sg for the comparison with the sham
opérated’group and R for that be'twe‘en the -two experimental

groups. The results are also shown in Figures 14 to 19
E v

pp. 101:106. - Although the relative.percentages of the
protein fractions did not ‘chang‘e significsntly during the
experxment (Appendlx A-Tables 6 to 10, pp. 178-182) and
the concentrg}-lons of . the fractlons followed more or less

the same restoration pattern as the total protein * . -

[
e




" and returned to the initial value only after 24 hours. Tn

996

_concentrdtion during the 24 hour post-perfusion period,-

“ the products of the primary variables revealed three

distinct recovery p/atterns: a) a slow, single exponential
recove.ry in the RL grouﬁ, and a déuhle ekponfnt_ial recoveiyv
in the LMWD group for thé total ot 68 gr;;ems and
albumin (Figures 14 and 15, pp. 101-102), h}') a single
exponential Tecovery-in both experimental groups for the
alphé and beta globulins, and fibrinogen (Figures 16, 17-
and 19, pp. 103, 104, '106]‘; c) no consistent pattern for
the gammad globulin (Fiwre 18, p. 105).

a) Total amounts of proteins and albumin.

s 1
In the sham-operated group there was a significant

fall in the total amounts of proteins and albumin at 8 hours

(Figures 14 and 15, p. 101 and p. 102). The plasma proteins
. i ) . ;

showed no significant difference.at 16 hours and thereafter,

while' the albumin was still significantly lower at 16 hours™

the RL group the exponential restoration of the total amount -

,of proteins had a time constant of 14.6 hours and was similar

‘to thdt of albumin (r = 14.7 hours). At the 24 hour reading,

the total amount of circulating proteins showed no significant

- différence from the initial value, whereas that of albumin

remained significantly lower. Ih'the LMWD group, the

restoration of the total -amounté of plaéma—proteins and

albumin followed a double exponential pattérn. The time .



constants-of the fast components were-2.8&murs for the .
shstat.plasia, proters and 208 Hoiss forSEHe slbimbi. The
time constants of the slow components were 15.7 and 16.2
.Hours respectively. Both total proteins and albumin were

£
back to their initial valué within-24 hours.

b) Alpha and beta globulins and. fibrinogen.
The: exponential recovery of alpha and beta
globulins and fibrinogen in ‘the LMWD group showed time
! constan_ts of B'..Z, 5.1 and 7.2 hours respe‘ctively (Figures
16, 17 and 19, pp. 103, 104, and 106): In the RL group;,
Ehe tirge, constants appeared to be longer and were 114
13.1 and 12.8 hours respectively. At 24 hours, the
circulating amounts of these proteins in the o ErpeLs

mental groups were not significantly different from their

initial levels. The sham group showed only insignificant

changes. . .

c) Gamma globulin. .. - . . Ay

In the LMWD grdixp, at 24 hours after‘hemédilution

. perfusion, the ‘amount of gamma globulin showed no significant o .
difference from the initial value (Figure 18, p. 105,
Appendix- B-Table 3). ' The fall in the RL group remained
significant throughout the whole experimental period. No
" - significafit changes in gamma globulin could be found in the

sham group during the 24 hours.
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FIGURE 14

TOTAL mDUNT OF CIRCULATING PLASMA .PROTEINS v

BEFORE AND FOLLOWING HEMODILUTION PERFUSION -

Thé,‘bars s‘huwn for each value represent the standard -
error. of the means wifhin the group of 15 animals. The

reader. is referred, 0
. Statistical compa}'is'vuns.
main’ graph were obtained
shown in the insert from
read. This technique is

“Appendix B- Tables 1 to 3 for

The curved lines given in the

from the linear relationships -
which also time constants t were
described in Chapter II, 8, p.:68.
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TOTAL AMOUNT OF CIRCULATING PLASMA ALBUMIN
BEFORE AND FOLLOWING HEMODILUTION PERFUSION

The bars shown for each value represent the standard
error of the means within the group of 15 animals.. The
reader is. referred to Appendix B - Tables. 1 to 3 for
statistical comparisons. The curved lines g1ven in, the
main graph were obtained from the linear relationships
shown' in the ifsert from which also time coistants t werd
read. -This technique is described in Chapter II, 8‘, -p. 68.




080

o7,

G. I Kg. OF BODY WEIGHT
2
3

8

oaode g
H ZRL=1L4NE
£ § , TIMWDR2ht,
030 s £ . .
o12g S - ¥
6 - 2 K] 24
® Ringer ~dactate group HOURS 3 .
B s Gy
® Shan - operated group

’\‘ & »
FIGURE 16 - .

TOTAL AMOUNT OF CIRCULATING PLASMA ALPHA GLOBULIN
BEFORE AND FOLLOWING HEMODILUTION PERFUSION :

The bars sh;wn for each value represent .the stand;rd
error of the means within thé ‘group of 15 animals. The
reader is referred to Appendix B. Tables 1 'to 3 for
statistical comparisons. The curved lines given in the
main graph were obtained from the linear rela‘ti'onships
shown i}z the insert from which also time constants 1 were
read.~ This technique is described in Chapter II, 8, p. 68.
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-TOFAL AMOUNT OF CIRCULATING PLASMA BETA GLOBULIN
EFFORE AND FOLLOWING HEMORPLUTION PERFUSION g

The bars shown fqr each value represent the standard

error of the means within the :group of. 15 animals. The ,

reader is referred .to Appendix B - Tables 1 to 3 for-

statistical comparisons..
main graph were obtained
shown in the inseért from
read. This technique is

The curved lines given in the .
from the linear relationshipg\

which also' the time Constants T were
described in Ghapter IT, 8,p. 68.
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. FIGURE 18
TOTAL AMOUNT OF CIRCULATING PLASMA GAMMA GLORULIN
} 7 BEFORE AND EOLLOWING HEMODILUTION PEREUSION
. "% The bars “shown for each value represent the standard

error of the means within the group of 15 animalf.  The
reader is referred to, Appendix B- Tables 1 to 3 for

* statistical comparisons: The curved lines given in the

main graph were obtained from the linear relationships
shown in‘the insert from whxch also tlme constants t were
read.. This technique is described in Chapter .IT, 8, p. 68.
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FIGURE 19 -
TOTAL AMOUNT ,OF CIRCULATING PLASMA FIBRINOGEN
BEFORE AND FOLLOWING HEMODILUTION PERYUSION

The bars shown for each value represgnt the standard
error of the means within the’ group of 15 animals.

i The
readet 'is referred t6 Appendix B _'Tables 1, to 3 for
el \ . ‘Statistical-comparisons

The curved lines given in -the
main graph were obtained from the linear relationships
g

- 5 e .
shown im-"the -insert from which also time constants t were
A read.




12. Loss of Plasma Proteins During
.Hemodilution Perfusion
) & -

"+ Immediately after the terninatiog of perfusion, = -
the observed total amount of circulativ}g plasma protei,ns‘
was lower than before perfasion (Figuié 14). This is ‘hot
suiprising since proteins are left behir;d in the extra-
corporeal circuit. An actudl al.mlysis of the a’momt

plasma protein remaining in the animal and in the cir

revealed, however, that protein was lost from the cir-
culation. This‘is shown in Table III-6, p. 108. Total
amounts of proteins before and immediately after perfusion
were calculated for each.individual animal, using the

E observed plasma vol@e‘ (not plasma volume per Kg'.) and
plasma protein concentration. The table shows the averages.
of these values for each experimental group, together with
the’ amount of protein left in the extracorporeal circuit

* (pump volume' mnus red cell volume multiplied by protein
concent’rﬂtxon). The circulating amount of protems Before
perfusion minus the amount of proteins left in the extra-
corporeal circuit was -the amount expected to be found in’
the circulation immediately after perfusmn. This value
was higher than the actually observed circulating amount of
proteinst. The differences were highly significant (paired
cbservntion"t»test) for the two groups and indicated a loss

of proteins during perfusion.



: TABLE T11-6 ;

. - LOSS OF PLASMA PROTEINS DURING HEMODILUTION PERFUSION g
» TOTAL _AMOU'NT OF PROTEIN "IN GRAMS

(AVERAGES» OF ALL ANIMALS) -

Animal ’Pump( Expected Animal Amount
before in animals after lost

9.57 8.00 6.57 5.79 0.76
Group .

Group.

. In order to as‘certa_in tha‘t this loss occurred in .
the animal and not in the extracorporeal circuit, the
follcwi.ng additional ‘investigatioﬁ was made:
Lyman et al., (1968) have repor’ted that proteins
are adsorbed on hydrophobic polymer surfaces such
‘as polyvin};l and teflon. Since the tubing of the -
extracorporeal circuit. was .made of pquviﬁyl, an
vinv‘estiga‘tiun was undertaken to measure quanti-
w ¥ o °, tesdvely any possibie Toss: die to adsorption of
" plasma proteins in this circuit. The ‘study was,
carried out on eight units of blood -(about 250 ml.
Y . ‘each) obtained from 2 piglets and. 6 adult ,‘pigs.
' " The piglets were anesthetized, heparinized (200
I.U./Kg.‘) and: gxsanguinated from & carotid artery
catheter. Adult pig blood was collected in 6

o . . '

L § S L.
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‘ .
hepérinized plastic bottles at the )oc;ﬂ abattoir.
Hematocrits were éetermined and samples for plasma
protein determinatjon were taken using the same
techniques as described (II, 4e, p. '44; II,5a, &

p. . 45). The blood was diluted to a mixed hemato- ,
crit of 223 (I1, 4b, p. 42) with' Ringer-lactate

or Rheomacrodex solution and samples were' {aken
once more. The diluted blood was ‘thén warmed to
38°C, introduced into the éxtracorporeal circuif
and rec'ir&ula‘ted.—for ‘the same length of time as
used in the actual experiments. At the conclusion
of the run, a final sample was collected. Each
sample was analyzed for plasma protein concen-
tration eight times by the technique desc?ibed in
11, 6a, p. 53. Means and standard deviations are
shown in Table III-7, p.110. Since no change: in
plasma protein concentgation could be detected
after recirculation, it was concluded that there '
was no lnss'of plasma p;’atein ;n the extracorporeal

circuit due to adsorption.
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TABLE III-7

THE EFFECT OF RECIRCULATING DILUTED BLOOD IN THE
EXTRACORPOREAL APPARATUS ON ITS PLASMA PROTEIN
CONCENTRATION. MEANS :(N=8) AND STANDARD DEVIATIONS
i .

Grams per 100 ml. plasma
s
Before After After re-
. dilution, dilution circulation
Piglet - # 1| 5.4 (0.08) 4.0 (0.05) - 4.0 (0.08)
CRL Adult pig # 1| 5.8 (0.05) 3.4 (0.08) 3.5 (0.09)
Group 2| 6.7 0.11)  4.8:(0.08) - 4.7 (0.05)
30 6.1 (0.08) 3.1 (0.05) \3-0 {0.08)
Piglet #124] 4.5 (0.04) 3.2 (0.10) 3.4 (0.09)
LMD Adult pigh 4| 5.7 (0.05) - 2.7 (0.12) 2.8 '(0.10)
Group ) 5| 6.0 (0.05) ~ 2.8 (0.06) 2.8 (0.09)
; 6| 6.3 (0.08) 3.0 (0.05) 2.9 (0.09)

13, Plasma Osmoliaiitz and
Plasma Electrolytes

a) The c,o‘mposition]

The analyses of
according’ to the method
\“results which are _shov‘m
r/éhtained from duplicate

Ringer-lactate solution

of priming: solutions.

the priming solutions were done
described in II, 6b, p.63.. The
4in the following table, were
analyses. The analysis of the

was in accordance with that

reported by the manufacturer.



TABLE TI11-8
COMPOSITION OF THE PRIMING SOLUTIONS. (FOK COMPARISON

: THE AVERAGES ‘OF 45 PIGLETS BEFORE PERFUSION AND'
/\'\/ THE MANUFACTURER'S ANALYSIS ARE ADDED)

2% Rheomacrodex
N Ringer-lactate in
v E Ringer-lactate
Animals Manufac- Analysis Analysis
turer
pH . 1 7.4 6.0-7.5 7.4 |7 7.4
Osmolarity (mOsm/1) 297 - 261 T o284
Sodium (mEa/1) | 152 130 132 - ! 141
Chloride " 100, . 109 110 -131
Potassitm 4 4 4 3
Calcium L 3 3 3
Lactate .. " Za 28 -8 | @y T
Sodium . . : L
bicarbonate " 5 B (5.6)* (7.3)*
*( ) Calculated e

b) Plasma osmolar and electrolyte concentrations.

ALl plasma’ osmolarity and plasma electrolyte values
are given in Appen&ix A-Tables 16-20, pp. 188-192. . The
averages of the groups are presented in Figure 20, p. 112.

- There was a marked fall in the plasma osmolarities
of both experimental groups -inmediately after hemodilution
perfusion. The subsequent significant rise which was
observed in these two groups during the _ne)éi 24 hours, was
also observed 'in ‘the sham ‘group. . :

e
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FIGURE 20
PLASMA OSMOLARITY. AND PLASMA - ELECTROLYTES
BEFORE AND FOLLOWING HEMODILUTION PERFUSION

|| Sham-operated group I Ringer-lactate group

Rheomacrodex group

The bars shown for each value represent the standard
error of the means within the group of 15 animals. The
reader- is.referred to.Appendix A - Tables 16-20 for
statistical comparisons. v
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Only in the RL group, was plasma sodium significantly.

decreased 8 hours after perfusion. At 16 and 24 hours it
.

* was back to its initial value. Inflthe LMWD and sham groups

plasma sédium showed very little change immediately after

‘perfusion or at 8 hours. At 16 and 24 hours it was signi-

ficantly higl{er than the initial value anll also significantly
higher than that of the RL group. : :

There was a s;gmhcant drop in the potassium levels
of bhe two experimental groups 16, hours after perfugion.' At
24 hours potassium remained slgnlflcantly lower than the
initial value in the RL group vhereas it returned to its

normal level in the LMWD group. No significant changes were

. established in the sham group during the 24-hour period.

‘ The variations in the plasma ¢hlotide concentration

of the RL group tixroughout the experiment were not signi-

i S AR L TR § B
ficant. . In contrast, a significant increase of chloride was
seen in the LMWD group from the termination of the perfusion
period until the end of the 24 hours. In the sham group,

plasma chloride rose steadily during the entire experiment

"but only at 16 and 24 hours wasthis rise significant.

There was a-significant fall in the’plasma calcium

concentration of  the: RL group after perfusion. At 8 hours
calcium returned to the‘ initial levels but was again .
significantly lower-at 16 and 24 hours. Not signif'ican;'
changes in the calcium levels of both the LMWD and ‘sham

groups were noted throughout the experiment.
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14. Hemodxnamiés

) ‘In Appendix A-Tables 21 and 22, pp. 193 - 194, the
valués for mean arterial blood pxjgsure and heart rate are
presentgd. The a‘vezrageb values per group are show

Figures 21 and 22, p. 115.and p. 116.
a) . Mean arterial blood pressure

No significant changes 3" the mean arterial Eloud
pressure were recorded throughout the experiment in all
three groups, except the reading at 24 hours in the RL group:
at 24 hours¥the mean arterial blood‘pressure in t‘his group
had sufficiently increased to be signif{cantly higher than"

the initial value. -~

b) Heart rate.

In the LMWD group, there was a highly significant' ¥
increase in heart rate immediately after the termination of
perfusion.’ This increase was maintained until 8 hours,
after which heart rate returned to normal levels. There was
a significant rise in heart rate in the RL group 8 hours
after perfusion, followed'by a return to normal levels<at
16 hours. No.significant changes in ‘heart~ rate were recorded |

throughout the eéntire experiment in the sham-operated group.

2
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@ Ringer - lactate group HOURS . .
* Rheomacrodex group . =
@ Sham - operated group. .

- FIGURE 21 .
MEAN ARTERIAL BLOOD PRESSURE BEFORE AND
FOLLOWING HEMODILUTION PERFUSION

The bars shown for each value represent the standard

’~d9via‘tioﬁsv within” the group of 15 animals. The reader is

, - Teferred to Appendix A-Table 21 for statistical comparisons.
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HEART RATE BEFORE AND FOLLOWING HEMODILUTION PERFUSION

The bars shown for each ‘value represent the standard
deviations within the groupof 15 animals. ~ The ‘reader is
referred to Appendix A-Table 22 for statistical comparisons.



o " 15. © Rectal Temperature |

Ai)pendix A-Table 23, p. 195 presents the values for

rectal temperature; Figure 23, p. llﬂ.illustrates the W,

V vari.?ticns in rectal temperafure for the three groups. L

The patterns of rectal temperature alteratmns
-~ following heloduunon perfusmn were sxmxlar in the two .
experimental serxes.. Tf-ere was a hlghly sxgmflcant fall .
in rectal témyerature 1mmed1ate1y after the termination of
perfus:\on, this’ fall was in the magnitude of 0. 6 C. and -

. U 5°C. in the RL and LMWD groups respecnvely At 8 hours .
post-perfusion, tectal temperatures were back to mxtul
levels and remaxned there until the end of the expernnent._ s
In the sham-operated group, no significant changes in rectal

temperature were observed throughout the experiment.
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# Rheomacrodex group
@ Sham - operated group -

[ . : ! ¥ I

~ FIGURE 23

Z @
" . RECTAL TEMPERATURE BEFORE AND FOLLOWING
5 HEMODILUTION PERFUSION

The bars shown for each-value represent the-standard
deviations within the group'of 15 animals: The reader is’
referred to Appendix A-Table 23 for statistical comparisons.
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IV'_ DISCUSSION

. The ObJeCt of this study was to 1nvest1gate plasma

voluhe, plasma protein and plasma electrolyte changes -
"following large volume hemodliutxﬂm perfusion w1th a 1
crystalloid and a colloid solution in newborn piglets. -

The main feature of the technique ‘of-hemodilution
perfusxon is that the extracorporeal circuit is primed wzﬂ:
‘a non .hemlc solution and that this solution, mlx_lng with
“the blood of the récipient, dilutes the constituents of
the blood. The immediate changes in the intravascular
" space ‘are therefore reflected not only in the hematocrit
-but also in the plasma electrolytes and protéins, degénding
of course, upon thé ‘composition of the diluent £luid.

The T- 1324 -dye., d11unon techmque has been reported
to be accurate in determining. the circulating plasma volume
in man and m:u"xy other mammals (Gregersen and Rawson, 1959),

including the swine (Talbot and Swenson, 1963) .- 'Prel:ise

- measurements of plasma volume usmg 'T-1824 requxre that; in ~

addition to dye concentration, plasma protein concentration
and hematocrit values be measured on all blood~samples,.
including the blank'in order to detect volume alterations
during the Asamplirig period and to make appropriate correc-
tions for these alterat;ons if necessary (Gregersen and

* Rawson, 1959). . . Y = e
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w‘ -In the pfesent mvestlgatxon no slgnlflcant change
., in the plasma proteins ‘or hematccnt values could be found

4 between the blank and the unknewn samples .(Table II-1, -

[.,p. 54),° g:onsequently,. no correction was made on the dye
i readings. This investigation has. confirmed that the T-18%Z4

“‘.dye dilutig‘m t.echnii{uq ‘is_’ an’ accurate method. Con"firm‘ation
|0f the plasma. volume Losses immediately after hemodilution -
b _L’perfusmn could be obtamed from the balance equatmn for
‘plasma proteins before and after perfusxon (I11-6a, p 80 )
Lrhc best agrcemcnt was found w1th large size proteins such
as fibrinogen (Tahle III 4, p. 84°). Raminez and co-korkers
(1963)gepurted blood volume estiates for 169. pigs from
b‘)rtb to 5 weeks of age based on T-1824 plasma volume and
hematscrlt measurements. ; Talbot and Swenson €(1970) i
& dbtermlned total hlood volume by the®simultaneous meas‘u're-
ments of SICr- erythrccyte volume, and T-1824 plasma volume
it m‘ 176 pigs Erow Bireh to sixweeks of age. "in e present
sthdy,'the plqsma tolume and blood \Xllume .of one week- old 4
pxgs 1mmcdlatcly before hemodllutlun perfusmn were in
ag‘reement with' ‘those reported by the above two groups of

1nve5t1gators ]

; % Al:hough the hematocrits in both expenmental gruups
1mmed1ate1y after perfusmn, Yere thh1n the limits of the '
. target values-and thus lndxcated that their reductmn was

entu—ely due to 1ntent1nnal hemodllutmn, it, became -

Surementse that hypovolemia
% S : a .oa
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was present in both groups at the terminatlior.l'of'perflusion.
In the RL gro’up_;he loss was 14.2 ml./Kg., in ‘the LMWD group
7.8 ml.’/Kg. (FII, 6a, p. 80 ). The falls in t_l;e p‘lvasma ’
volumes were in fa‘ct even.larger than those observed when
the hematocrits of ‘thé perfusates (diluted blood remaining 7
in the extracorporeal circuit after perfusion) were tak‘en
into consideration; Figures 24'and 25, p‘?"i"zz and 123,_‘ A
ill‘ustrate this aspect. Before perfusion there are two
volupes Hoiconsifiery Ehe miasnavolume 5¥‘x¢§’thc priming
volume. In the RL group Fhese volumes were 64.0 ml./Kg.

and 33.7 ml./Kg. respectively, making a total volume of

97;7 ml./Kg. After perfusion, there are three volumes'to
take into account: the plasma volume in the animal, the
red cell voTume in the perfusate, and the. "plasma volume"

of "the perfusate.” The pel"‘fusate volume was -kept the same

as the priming volume-(II-4, p. 39%) and therefore "plasma
volume" and cell volume of the perfusate could be calculated
using the perfusate hematocrit. In the RL group these three
volumes were 49.8 ml./Kg: plasma volume, 26.1 ml./Kg.
"plasma volume" of the perfusate and 7.6 ml./Kg. Ted cell
volume. The, total fluid voiume after perfusion was there-
fore 75.9 ml./Kg. resulting in a total pla/sma volume deficit
o‘f i1:s ml./Kg. In the Rheomacrodex group, this deficit was
15.6 ml./Kg. (Figure 25, p. 123). Similarly it can be 7
calculated that in ghe RL group ‘theré is a loss of RCV of

5.4 ml./Kg.; this deficit was 4.0 ml./Kg. in the LMWD group.
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"'DURING PERFUSION

: BEFdRE PERFUSION AFTER PERFUSION

Piglet

Extra-
corporeal
Circuit

"'Perfusate
Plasma " Z

PV +Vp, = 91.7mLIKgG. - BV + "Perfusate Plasma”
& : =759 ml.Kg.

L . e

|
%, Deficit =21, 8 mL. IKg. . \

Yo, o FIGURE 24 i
THE LOSS OF PLASMA VOLUME DURING HEMODILUTION
PERFUSION IN THE RINGER-LACTATE GROUP

This figure illustrates how the plama' volume (PV)
red cell volume.(RCV) and priming volume (Vpr) -change
following perfusion. The center bar represents the process
_of mixing between the animal's blood and the Ringer-lactate
solution. After perfusion some of the RCV is left behind At
in-the perfusate. This RCV can be calculated from the
perfusate volume and its hematocrit. N




DURING PERFUSION

BEFORE PERFUSION AFTER PFRFUS‘DN

Extra-
corporeal
Circuit

"Perfusate - 3
Plasma " :

7.8mliKg

PV + "Perfusate Plasma" _
- 8.9 ml/Kg.

PV + Vo= 9.5l IKg
N ;

. = T -
Deficit = 15.6 ml. /Kg. 3

)
- . FIGURE 25
THE LOSS OF PLASMA VOLUME DURING HEMODILUT"ION
PERFUSION IN'THE RHEOMACRODEX GROUP

This figure'illustrates how the plasma volume (PV)

red cell volume (RCY) and priming voiume (V) change ' .

following perfusion. The center bar represents the process

of mixing between the animal®s blood and the.Rheomacrodex
After perfusion‘ some of the RCV is left behipd'

solution.
This RCV can be calculated from the

in the perfusate.
perfusate volume and its hematocrit.
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Since there was no sign of external hemorrhage
throughout the surgical procedures and thg perfusjon, and
since the volume in the reservoir was maintained at a
constant level, moreover, since no sigfnificant‘ loss in
tl:le body weight could .be found immediately after extra-
éurpor'em circulation,‘ the conclusion was reached that the
loss of plasma was an mternal one. These 1osses are by .
no means small; they constitute about ‘one thxrd of the .
total plasma volume .1"' the RL gropp, and about one fourth
in the LMWD group. If it were only’a plasma loss, orfe
would exp‘ect much higher hematocrit vglues than the cal-
culgted target immediately after hemodilution perfusion,
Jhowever, this . was not the case. 1In both groups_the values
were close to the target although the small differences
from the target were statistitally significant (III, S,

P T P Thefefortz it is ccncltllded that whole blood must
. have disappeared from the circwiation. Bernstein et al..,
(1965) have shown that destrﬁc‘tion ofcred blood cells in
pumps currently ir; use for éxtracorporeal circulation may

take place during and even. after perfusion. Huwever,

. damage to the erythrocytes which led to their disruption,
usually occrurred after proloqged periods of perfusion. In
tl}e present study, miéroscopic examinations of blood
“samples collected aftor—the shart period of perfusion did
not reveal any sign of disruption of red blood’cells»(III,

5, p. 17°). - : g
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Litwak and associates (1963) observed a decrease
in bof;h plasma and red cell volumes in their patients
immediately after extracorporeal circulation with or

without hemodilution. This decrease continued into the
first post-operative day despite careful replacement of
blood loss during perfusion and whether hemodilution was

used or not. These authors cekned the term "sequestration"

and” suggested that the post™perfusion blood volume deficit
vas due to the "sequaggraféion of blood ‘in sites that render
the sequestered volume~""|]';13vailah1e to the circulation at
that‘ time". - They attributed the subsequent increase in &
blood volume during the first post-operative week to the
return of this sequestered blood to the circulation.

Davidson and Farthmann (1965) demonstrated that con51derable

pooling may: occur in the splanchnic bed after hemodilution

perfusion in dogs with Dextranm 70, this was directly related’

to an elevation in the central venous pressure, with a
. parallel increase in the portal venous pressure. However,
these authors administered blood to the animals in order to
correct their hypotension, thus adding anothér factor that
méy affect the central venous pressure.

Lolng and associates (1961, 1962) found that anemia
after experimental and clinical extr:acorporeal circulation
was not only due to mechanical injury of the red blood cells
by pﬁmps and oxygenating apparatus, but also to the

fl,
aggregation of cells - in the micro-circulation. After 30 to
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60 minutes of total body perfusion without intentional

hemodiluticn, an examination of cunjunctival and mesenteric

capxllanes revealed an eal‘ly indrease in the nunber o\f
red cell aggregates, with temporary occlusion of venules
and arterioles. They reported that the addltlon of 2 g.
of Rheomacrodex per Kg. body weig};t to the p(iming fluid
(blood in their studi@s‘) resulted in a significant decrease
in'the destruction of red-blood cells and prevented or
ninimized intravascular aggregation. Bjérk et al., (1964a,
b) and Raison (1964), in dog-experiments, confirmed these
observations. : ‘ ’

The b‘lood loss reported in }:he present study could’
be accounted for by the aggregation: of erythrocytes as
siggested by Long and associates. The decrease in plasma
volume which will be discussed later (p. 130 ) causes
aggregation of efythrocytes in the microcirculation. This '
occurs in both groups but it is more pronounced in the RL
group. In this group, the plasma volume is rapidly h

replenished .and leads to further dilution of the circulating

.erythrocytes as’evidenced by a further-drop in the hematocrit

(Figure 4, p. 79 ), but disavggregation of the other erythro-
cytes trappgd‘in the capillaries becurs more slowly. In ".
the LMWD group, the ag_greg;tion is lessvpronounce‘d, a‘nd the
further dilution of t};e erythrocytes by the replenishment ‘
of the’plasma l\/olum;a 'is counteracted by the reappearance of

the trapped erythrocytes; this results in a steady linear



_-concentration. This causes a decrease in oncotic pressure

increuse of the hematocrit. Such an explanation would

assume that c?yt’hropogsis was similar in both groups and

‘was not affected by the composition of the perfusion fluids.

The decrease in plasma volume observed immediately after
hemodilution perfusion in the two experimental groups can
be explained by a pumber of -factors: ’ The first one is the
slight hypotonicity of the priming solutions (261 mOsm/1.
for the Rheoma'}rodex solution and 284 11105m/1. for the
Ringer-lactate solution), as, compared to plasma osmolarities
‘of 295.5 and 299.1 mOsm/1. reé’pectively. This causes a
shift of fluid .to the extravascular‘compartment. The

second one is the acute decrease in the pla‘sma‘ protein .

and consequently ‘a similar outward movement of water: This‘
is likely to haye occurred in ‘the RL group. whose perfu;ioﬁ
fluid did not contain an oncotic agent. Other facf:ors which
are not associated with the composition of the priming fluid
must also play a role. Fox (1969), who has spent’great care
in preparing‘ isotonic solutiun% with t‘he proper electrolyte
concentration and pH for replacement therapy in hemorrhage,
has nevertheless found- small piasma volume deficits immediately .
after replacement of the blood loss. Surgical strenss must
certainly play a role as can be seen in the sham-operated -
group of the present study (Figure 5, p. 81).

A quantitative approximation of body fluid osmolarity

‘that' could be expected after mixing with the hypotonic
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priming fluids was made, using the equa;ion given below
and by maklng the following assumptlons
(a) . Total body water in 7 ‘days old plglets is about
75% of the total body weight (Friis-Hansen, 1961;
Houpt, 1970). * ) .
(b) Before perfusion, the usr;mlarity of various body
.fluids is uniform ‘(Rohinson, 19@0)“ / i
(c). The activity of the kidneys is’negligible during
the 14 to 19 minutes hemodilution perfusion period.
The formula used for these estimations of total.
_body water osmolarity was: - :

. (TBW x mOsm/1. ) + (V__ x mOsm/1. ) e
mosm/lony = B PT pr
TBW TBW + Vpr

where,

. P
mOsm/l.p and mOsm/1. represent the osmolarities: of plasma/

pr
~and priming solution respectively, ’and TBW and V. are total
body water and priming volume respectively. )

The ex‘pected and ohserved osmolarities af’ter
perfusmn are shown in F1gure 26 p. 129 which illustrates
the above calculation graphlcally. g s

/It can be seen that in the case of the RL group the
expected and observed osmolarlty values were close to each
-other, but that in ‘the LMWD group, ‘there was a consistently
lcwer observed; vaiue, Thls can be verified by comparing the

expected values with tha observnd values—givenin Appendi

A-Table 16, p. 188. ' It is hkely that| in the RL group
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RHEOMACRODEX GROUP

FIGURE 26
THE EXPECTED AND OBSERVED PLASMA OSMOLARITIES
AFTER HEMODILUTION PERFUSION IN THE
RINGER-LACTATE AND RHEOMACRODEX GROUPS

ECF = Extracellular fluid TBW = Total body water
ICF = Intracellular fluid . ¥, = Priming volume
This schematic figure'illustrates the sbift ip
body water to vari'bus compartments in the animal and
perfusion system.  The size of the~ compartments is not
indicated by ‘the helght or width of the figure.
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'e(quilihrium is reached by the end-of the. perfusion period

as there is evidence that such fluid shift can occur rapidly.

Flexner et al., (1942), who-studied the rate of distribution
of water throughout the ‘body in guined pigs, found thavt 73%
of ‘_t\he water in blood is exchangeabie with extravascular.
water every minute. Even distribution.of water has been
reported in.less than 30 minutes for rabbits (Hevesy and
Jacobsen, 1940), and 2 to 3 hours for man .(Schloerb et al.,-
1950) . Moore et al., (1966) estimated that each minute the
capillaries can exc’hange “amounts ‘of water and salt in excess
of those found in the entire plasma volume. This net out-
flow of water accounts for the larger fall in plasma vplume
and the smaller fall of the hematocrit. value as compared
with that seen in the LMWD group. ’ )
' After perf;xsi'on,y there was a large movement of
water and electrolytes back to the circulation accounting
for the rapid feplenishmént of the plasma’ volume and a -
further decrease in the hsmatocrit.' (Figures 4 and 5 in.
.- " 79and81). Again, évidence for the.movement of water and
electrolytes is indicated by the osmolarity which shows the
same pattern:as that of the sham-operated group (’Figfpre ZU,’
p. 112, Appendix A-Table 16, p. 112) i.e., a’steady rise
over the 24 hoirs probably due to dehydration. Thé dilution
whic’h caused the decrease in hematocrit dici' not, however,
cause a decrease in the plasma pTotein concentration

(Figure 13, p. 97 ).
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In the LMWD group, the difference in osmolarities
bétween .animal and priming fluid was 155; pronounced than
inv, the RL group. This, in itself, may ?cc/,gynt'for a smaller“
decrease in plasma volume. Moreover, the presence of
. Rheomacrodex in the priming fluid had a moderating effect’)
on fluid movement. The reduced loss of intravasculvar “

Water during perfusion, can he atéribited o Its water
binding capacity (Grénwall, 1969), consequently the drop

in plasma volume in the LMWD group was less, and-the
hemEsEELE Whd DEneTNELey vaties Were lower than in the RL -
group. ) ’ :

The binding of water did not ai;pear to be associated )
with the binding of electrolytes; dextran binds wate?
selectively. This accounted for the discrepancy bet_ween
the expected and observed osmolarities immediately after '
perfusion. “Dextran again had a moderating effect in the
movement of fluid into the. ‘circulaticn after p_erfusian; thus
accounting for the slav: recovery rate of plasma volume‘and *
the steady increase of the hematocnt over the subsequent 24
hours. Dextran is known to dlffuse into the extravascular
space (Arturson, 1965), thus reduclng the influx of fluid
into the cn‘culatmn by 1ts onc0t1c action. . »E" : T

Since dextran binds water selectively, it does nat -
have a stabilizing effact dn osmolarity. The large fall in
plasma osmolanty observed Ammedlately aftet perfusion was

fdllowed by a sharp rise durmg the subsequent 8 hcurs
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(Flgure 20, p.' 112, Appendix A- Table 16, p. '188] There-
. after the osmolarity rose in a manner s:mllar to that no!ed

in the RL and the sham-operated group.

Studles on the dlsappearance of dextran from the

circulation after infusion of 500 ml. ‘of 10% Rheomacrodex L
in normovolemic human-é were reported-by Arturson (1965)'
He demonstrated a very rapid imitial. ‘fall in total dextran
:’concentratmn in the serum dunng the first hour: after
infusion followed by a $lower decrease. on a semilogarithmic’®
plot against time, this dechne 1n concentratmn turned out

, who

to be d double exponent1a1 functlon. Ringer (1967
t investigated the climination of dextran from the circulation

in dogi after 30% ‘blood 1955 and immediat'e 5ubstitut’iu'n with

Rheomacrodex in glucose, noted that less than 174 of the i

original plasma levels remalned in the blood ‘stream tafter '

" 4
» Arturson (1965) found that the time course of the

5 hours :and less than 54 after 24 hours. ' o
elimination of dextran was affected by several factors: .
(1) Smaller méléculés which pass the capillary membrane s
return t}: the blood stream by way of the lymphatic system. .
(2) Sxmultaneously, molecules which pass through the ' V
gl&nerular membrane are excreted in the urine. . (3) Sol}le,: '
of the dextran mdlecules are taken up by the cells. of the _
reticuloendothelial system and are slowly metabolized. B
The overall results of these processes are, .a fallmg 3

“dextran concentration in the serum and a steady mcrease
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of the, average molecular weight of circulating dextran.
Dextran molecules with a molecular weight of 14, oou -
18,000 have an 1ntravﬂscular half-1ife of about 15 minutes

and are entirely cleared from the plasma within two-hours.

In the present investigation, the fall in' plasma
dextiin concentratibn during Hhe 24 hour post-pecfusion
period followed a pattern similar to that observed by
EHeHE investigAtors. After 24-hours, dextran could no
longer be de/ cted in the plasma:

‘The marked decrease of the total amount of

circulating plasha proteins is explicable because proteins
£ . : T

are left behind in the extracorporéal circuit at the . -
termination of .perfusidn. There is, however, an aE’aihc;onaL
1oss of protein (Table III-6, p. 108). This is not due’ to
adsorption at the surface ofthe yinyl tubing (ILI* ‘12, o

p. 107), but due to a movement of proteins in the anlmal
"from its vascular bed into extravqscular space.. O the= " ;
other hand, by calculating the plasma volume immediately
after perfusion from Plasma constituents (Table ITI‘4,

p. 84), it was found chét the pléma proteins predicted . I
the plasma volume reasonably well-and that the larger: the
‘plasma protein’molecule, the bégtér the prediction. These
“two facts imply that protéin disappearance must be larger
with smaller protein molecules: This ‘is ref1eccea by 2
small decrease in the pe‘rcentage of albumin and a s1ight

increase in the percentage of. fibrinogen (Apperidix A, “
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Tables| 6-1"0)." éi_nce thé amount of protein 1 into the
.animal‘ is smafl-(D 76 and 0. M’g., in’the RL a’nd’ LMWD éruup
T spegtively), the cHanges -in rela’tlve percentagesvcuuld
not ‘reach a level- of slgn1fxcance.. "

. f Lee and assomates (1961), who reclrculated dog
“and human plaspas. in val’wus oxygenatnrs .such as-disc,

bubblg, or the screen oxygenator from 3 to 20 hours reported'
|

‘ .a ﬂecrease in the percentage of the albumin fractmn and a

cornespoqdmg rise in the alpha, beta and gamma globulins."

erght et al:, (1962) studled the effect of prolonged .

. recirculation of dvg plasma on the plasma proteins. Two

pes of oxygenators were used in their experimerts, the °
screen and-the membrane oxygenators. These a?umrs found

small changes in the®electrophoretic pattern’of plasma

. -proteins after. proldnged perfusion. Siltanen wirabc,

'(1968) reported a small butydistinct denaturation of

: albumm a pronounced alteration’ of fibrinogen and no -

-change in gamma glnbulm during 90 minutes’ of cxtracorporeal

c latj, -
ircu Japv K . e .

. The raté of reappearance.of the circulating plasma
7 .

Froteing in the LMWD group had a fast and a slow component.

. The slow component had a time constant in the same order ofl

magnitude as sthat observed in'the RL group. The fast

Cqmponent.ﬁaq a time constant which had a striking similarity,

. with that of the fast component of the disappearance rate:

of dextran. _Thus, in the LMWD group, protefhs returned
e B » e ;
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fo the circulation at’the same rate as Rheomacrodex dis-

appeared from the c@rculacihn.. The possible mechanism for

this relationship is at’ present not clear. -
It appears that two mechanisms are involved in the

replenishment of the plasma proteins after blood loss:

" (1) mobilization‘of preformed proteins and (2) synthesis

of proteins. It is widely agreed that most of the restored
proteins entering the vascuiar space during the first ‘few
hours following blood loss and immediate substitution with
non-henic fluids in dogs (Rodionov et al., 1957; Rieger,
1967a, b; and Liljedahl and Rieger, 1967)" and in‘man (Moore
et al., 1966), or following total volume plasmaphereSis in
baboons (Osteen and Klebanoff, 1971) are preformed proteins.
The rapidit); of protein refill in response to ldrge volume
hemodilution in adult man (Gollub et aZ., 1969) also implies
the need for preformed proteins. These proteins which are

present in extravascular spaces, in tissues, .such as skin,

miscles and viscera (Rothschild et al., 1972a, b) and in

the lymphatic system (Wasserman and Mayerson, 1951; Mayerson
et al., 1960; Woolley and Courtice, 1962) are mobilized to
the intravascular pool when this pool hapgens to be reduced.
Replacemenf proteins may enter the circulation by tra’r‘ls—‘
¢apillary movement. Direct ‘transcai;ill_ary migration of
proteins wasrsuggested by Moore et al., (1966), Skillman

et al., (1967) and 0‘5“teen ar{d Klebanoff (1971). On the

other hand, Cope and Litwin (1962) apd Liljedahl and Rieger
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(1967) postulated that in the replenishment process; protein

. mainly returned by the thoracic duct.®

From the obsefrvations made in the present study, =
it cannot be asserted which of the two mechanisnms,
mobi'lizacion of };refomed proteins or synthesis, is dominent
in the restoration of plasma protems. It c‘an be concluded
however, “that the restoration took place w1thout a preference
>fur a particular protein fraction as evidenced by the con-
stancy of the rel}ativé percentages (Appendix A-Tables 6 to
10,- pp. 178 - 182). In the RL group, the restoration of  the
total amounts of each prLJtein fraction occurred at the same
time. ALl time constants in this group were in the same
order of magnitude. . .

The presence of dextran .at the low ékir;centrd\ion
used in this study enhanced the restoration of all proteln
fractions: the restoration of albumin followed a double -
exponen.tial function; the r'ést_oratioln of all other_fractinn‘s
showed 'time constants. which w_ere‘ considerably shorter than
those of the RL group (Figures 14 to 19, pp. 101 to 106)., °

Rothsc}uld and associates (1961, 1962, 1965) obsérved
a decrease of the serum albumin concentration in éxperi-
mentally produced hypergammaglobq]inemia andalso following
prolonged administration of high molecular weight dextran
in rabbits. They‘ suggested that albumin synthesis may ‘be
" controlled by an osmotic regulatory system. In later studies,
Ro':hsc};ilv:lu and his group (1969) investigated the effect of

2
© e
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varying the colloi‘d content o‘f the perfusate on the albumin
production of the isolated perfused rabbit Jiver. When an
albumin concentration of 0.5 g./ino ml..was present inuthe
*perfusate, albumin production increased; when the perfusate

was made hyperosmotic with 7.1 g. albumin/100 ml. or 2.7 g

"'albumin;plus 1% sucrose, albumin production was drastically
depressed. Thus, thei‘r in vitro studies confirmed the .
existence of a colluld osmatlc regulatory mechanism in the
control\of albumin productwn :md indicated that this

control mechanism was 1ocated w)thln the hepatic tissue

at

(Rothschl]d et al., 19723)
' By comparing the restoratlon patterns of plasma
volume and “total amount of plasma proteins in the RL group
' (Figures 5 -and 14, p. 81 and 101) it is sppargnt that the
former i; faster than the la":ter.v Plasma proteins seem to

play only a secondary role in the rTeplenishment of plasma

volume. Some alternative system capable of sensing

alterations of the circulating blood volume might be

In the LMWD group; the restoration of plasma proteins

is vv;uch faster than that.of .the pi:’lsma volume. This complete
reversal suggests that an oncotic regulai Ty system plays.'
.an important role in the control of plasma volume (Hyman
and Steinfeld, 1967). ‘ ‘

. Farrell and his assocxates (1956, 1953 1959) fu!jnd

that the muscle of the r1ght atrium contains stretch |

s 5 %
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receptors responsive. to an increase or decrease of blood

volume. These receptors appear to -influence the release

of aldosterone. -Shu'ayb et al., (1965) found that distention

of the feft atrium induces a decrease in the-blood anti-
diuretic hormone level and a parallel inca:ase in ufine
flow. _They siuggested that the left atrium may be of parti-
cular importance in regulating water b‘alance whereas thé
right atrium may be more concerned with changes in
electrolyte conceﬁtration. : g

Direct evidence for the participation of the
adrenal ct‘)rtex in extracorpofeal circulation isvstill
lacking, But ‘the involvement of the adrenal cortex in the
response to blood loss (Skillman et al., 1967) and the
relatvionship; between the renin angiotensin system and
the adrenal cortex have bgen documented (Dayis, 1961;
Mulrow and Ganong, 1962; Bartter et al., 1964). " Vander
(1967) reviewed in détail evidence whi;:h.suggests that at

least four factors control the rate of release of renin

change in intraluminal pressure of the afferent renal -
arterioles, change in the compositioneof the tubular fluid
at the macula densa, sympgthetic nerve impulses, )
catecholamines and other known and unknown hormbnal agents.’
Since there was a decrease in the effective circulating
blood volume immediately after perfusion, this is most

likely to have resulted in: ,a _onpheral vasoconstriction

' and a decrease in blood flow in the capillaries. A decrease
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in renal blood flow would stimulate the release of renin
ahd thereby promote the secretion of aldosterone.
The present study casts some light on the-processes

involved in the restoration of plasma volume, plasma

_proteins and blood cells following hemodilution perfusion.

Further studies are required to investigate the underlying
mechanisms of these processes. The movements of body fluids,
protéins and elettrolytes should be studied using isotope

markers, Direct observation of capillary circulation .

would bg‘ useful for gaining further evidence in support of

an aggregation hypothesis. being involved. Furthermoré,. the

problem of whether the restoration of the proteins is due

to the mobilization of preformed proteins, or to protein
synthesis needs further explanation. The use of pharmaco-
logical égen:s inhibiting protein synthesis in conjunction
with such experiment may yield decisive results.

The results in the present study refer to minimal
surgical frauma in conscious animals; but when hemodilution
perfusion is applied to the newborn infant ‘undergoing open-
heart surgery, additional effects of the open chest,
respiratory assistance, anaes,thesia and the use of suitable
uxygenétoré havz:) to bg considefed.

Pilot studies havn; been carried out to.establish
an. experimental routine which ir:cludes these technical
aspects. Y

s oma " ¥




CHAPTER V° <
CONCLUSIONS § .
/

The newborn pig is able to cope with a large volume
hemodilution resultingv in a hematocrit of 22%. uMcreovgr,
the newboyn pig shows & well developed regulatory mechanisu
to counteract -plasma volume -and plasma protein losses. The
réplenishient “of plasma volume and reéstoration of each
circulating plasma protein fraction, except gamma globulin,
are accomplished in ahoqt 24 hourvsu This appezrs.to be a

' faster response than in human adults and mature animals.

The. restoration of plasma volume occurs faster than
the 'restoration of plasma proteins, but when dextran is
present the Teverse is the case. Therefore, opcovtic
receptors must play a role in the control of plasma volume.

*-All protein fractions are restored at about the same raie’.

uThe;-e is no preferential restoration of agxy;particular
protein fraction. = *
Osmlotic equilibrium between intravascular and
extrav;scular compartment ‘is reached by -the time the
perfuslon is completed: Durmg perfusion, plasma volume, .
erythrocytes'and proteins are lost from the Girculation. -
Since the restoration of plasma vulume,’ plasma pfnteins,
- and red blood cells as 1nd1:ated by the hematocrit, do not

show the same- time constant, sequestratmn of blood is
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unlikely.. It is tentatively suggested that ‘fluid moves

into the extravascular space, causing aggregatmn of
_erythrucytes in the capllla'rles

The Teappearance rate of proteins is almost
identical to the disappearance rate of dextran. Dextran
binds uaigr selectively, therefore, ‘it has a stabilizing
effect on plasma volume shifts but not on plasma osmalarity.
Two percent Rheomacrodex in Ringer-lactate enhgnces proéein

restoration considerably.
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APPENDIX B - Table 1

196 -

. Shan-oper;ate;i growp. Mean values and standard errors of the mean of the’
circulating amounts of plasma proteins  (g/kg body weigm:).3

= )

Total

circulating *

proteins
1 ,

Albumin

Initial

-3.38 % 0.08

1.20 ¥ 0.05
0.64 £.0.04
0.19 * 0.02

0.34 2 0,04

0.97 * 0.06

" 0.59 2 0.03

N
8 hours 16 hours 24 hours

«
3.03%0.08. 3.17%013 327 %012
e n.s. n.s.

7+

1.07 20.06  1.08%0.04 115 0,06 °

aas = - g n.s.

) -
0.63 % 0.05. 0.64 * 0:03

(NS n.s. n.s. L

'0.18 2 0.02 0.9 %0.02 0.8 * 0.0z

n.s. ns. n.s.

0.30 *0.04 " 0.28%0.03 0.30

ns. n.s. 2 ns. (’/

0.89 £ 0.04  0.99 % 0.06 1.00 * 0.06

. Ms. - n.s. n.s.

“1,'S, R; comparison with Initial value, Shan group and'Ringer-lactate group.

,



APPINDIX B_-_ Table 2 i :

Ringer-lactate grow. Moan values and standard errors of the mean of the 2
circulating amounts of platma proteins (g/kf body weight).

‘ Initial After 8 hours 16 hours - 24 hours'
Total 3
ciraulating
proteins  3.4270.09 2.14%0.09 2.68%0.10 297012, 318%om
1 ) L ann R e
S n.s. " = T mes. . ms.

Albunin 124 10,04 076 %003 105 % 0.05 - 1.07 % 0.04 1.4 *0.04 "

4E L - w o om

s n.s® : n.s. n.s. n.s.

globulin . 0.55 ¥0.02  0.35 ¥ 0.02° 0.42%0.02 - 0.51%0.02 70.58%0.03
1 e i T ons. ) n.s.
S % S o S8 n.s. n.s.

Beta . g .

globwlin 0.8 20.00 011001, 0.4fo0.01  0.36%0.01  o0.18%0.0
1 L. ol s nis.

“s ' ons. : o ns. . né.

Garma g A . N

globulin _ 0.46 20.06 030 T004 0.3 * 0362005 o0.34°

- o - " .“
5" st ns. c ms s

/
¢ t 2 M " oo to -
Fibrinogen  0.99-% 0,08  0.62%0.04 0,80 % 0.04 0.8 0.06 ! 0.94 - 0.

1 . e n.s. s. -

s . n.s. n.s. n.s. . n.s.



198

APPINDIX B (cont' d) Table 3
Rheamacrodex grow. ; Mean values @d standard errors of the mean of the circulating
amounts of plasma proteins (g/kg body weight).

Initial | After 8 hours 16 hours 24 hours
Total, : ¢ = .
circulating | «
‘proteins  3.3570.00 2.07%0a1  2.99%0a2. 3.06%04 522 %009
I " L Fa n.s. S ons. -
s n.s. . " ons. n.s. ns.
L

3 n.s. ns. Las: n.s. LEN

Abwmin 1327004 079 T0.04 1.20%0.06 1212005 1.25%0.04

1 p L n.s. n.s: ns. ’
s 1 oms. n.s. ns.
R n.s. n.s. n.s. - J
. . .
Alpha 3 <
globulin , 0.58%0.04 0.36 ¥0.05 0.52%0.05 - 0.54*0.04 058%0.03,
ol | nis.. - ns. ns. :
s L oms. ns. ns! E
R ns. " ns. s
+ + .0 :
globulin 015 70.01 0102001 04’001 01500 015001
1 ) e n.s. n.s. n.s.
s ns. _ s, mas. ns. |
> v
R n.s. n.s. N n.s. ' n.s. ' n.s.
Gamema

_globulin  0.36 £0.04 0.2 % 0.03

1 - " ——
g+ mis n. ns. nso
R ns. - ms n n.s. ns.oL - » . 5

. 3 oapae
Fibrinogen 0.93%0.05 '0.59 £ 0.04  0.84 20,05 0.90%0.05  0.94 7 0.04

1 Co e T ons. ns.
- e

s . oms.- nse ns,  ms

R n.s. s ns. . Tms. ns.




i . APPENDIX C - Table 1

[ . The fall in plasma dextran concentration after haimdilution perfusion

.. with 23 Bheomcrodex. . i
; T :
P e, B £./100 ml. plasma _
wa P;lim ¢ Agter 8'hours - 16 hours 24 hours

; ] e i ‘
% R v0.59 v 0.08 0.05 .. MNome
) 0.74 < 0.1 0.06 ; " .
0.37 005 © 0.0% W
0.44 10.06 0.03 "
043 0.0% 0.04, L
bosz. . 0.6 004 - i
0.44 0.4 + .. 003 . "
0.55 0.05 ., 0.03 : »
.oon .oz 0.07 "
Cos 007 0.05 o,
" 0.0 o005 0.04 "
046 - 0.05 . 0.03 "
b 0.40 0.04 . 0.03 L
©ooas T L 0.5 0.03
0.27 (\' 0,03 0.00 L
. -
Mean 0.9 0.06 L0048 w'o
sd. - 0,09 y 00 0.01- -

Ty
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