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"An increase in hemolysis afier me-
chanica! trauma of the blood was first
recorded in 1884 by Melizer and Welch ®
who wrote: “If the blood shaken... for
a period so short that no visible change
in the blood has occurred, and then the
blood be allowed to stand at rest, it will
be found that at the end of 15 to 18
hours, nearly all the red blood corpus-
cles have compiletely lost their colour-
ing matter, while the corpuscles in the
control specimen are still wholly intact”.

The mechanical circulatory supports
demand thoughtful consideration of the
continued consequences of the trauma to
bloed by the extracorporeal circulation.
Immediate hemolysis has been the com-
monly accepfed index ol trauma to blood
and has usually remained well within
the limits of physiological tolerance.

As Bernstein and co-workers pointed
out,’ severe postperfusion anemia accom-
panied by a markedly shortened red blood
cell life span, suggests thal immediate
hemolysis may represent but a smail frac-
tion of those red cells seriously damaged
during pumping. They are indeed able to
induce hemorrhagic and/or intravascular
clotting syndrome,

METHODS

Haematological values and particularly
life span studies require frequent blood
samples during several days. This is a
real problem in the dog because repeated

" venipunctures are more and more difticult

The present study was performed to .

characterize and quantitate the manifesta-
tions of hacmatological modifications du-
ring and following cardiac assisiance by
counterpulsation in the dogs.

First, we shall describe an improved
technique for repeated withdrawals of
blood samples.

and on the other hand, the animal be-
comes suspicious and shrinks away from
the needle. :

Its movements may alter the quality
of blood samples especially when haerma-
tological studies are performed. We have
therefore devised a technique of long
term plastic tubing implantation into the
jugular vein as follows. The dog’'s ex-
ternal jugular vein® unlike that of man,
is the main channel for return of venous
blood from the head. It is about I cm
in diameter and 12 cm long.

It lies directly under the skin and pul-
sations are visible through it. Under gen-
gral anesthesia, a 5 cm longitudinal skin
incision is made along the external ju-
gular vein which is exposed. Silastic tu-
bing is introduced into this vein along 15
to 20 cm,® The other end of the tubing is
pulled under the skin of the anterior and
lateral part of the neck and pulled out at
the back in the dorsal region after a sub-
cutaneous course of approximately 20 cm.
The external part of the tubing is sutured
on the skin and is closed by a stop-cock
(Fig. 1x A wide bandage around the neck
protects the tubing from being torn out.

~ *Silastic’ medical grade tubing. Pow Comn-
ing international Ltd.
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Fig. l—Wirthdrawal of blood sample by the implanted piastié tubing.

In order to avoid clotting of the blood
~in the catheter,

heparinized saline {2
mg/kg) is slowly injected, just enough
to fill all the. tubing. This injection is
repeated cvery day. By this procedure we
could perform daily withdrawals of blood
during three weeks.

An almost similar technique
term plastic tubing implantation was re-
cently published by Itoth er al¥ although

we have been using ours for a year.
Synchronous cardiac = assistance by

counterpulsation was effected by a Simas
pump. Twenty experiments were Ccon-
ducted on healthy Fasting mongrel dogs.
Properly  svnchronized counterpulsation
was achieved for two to tour hours. The
stroke volume of ithe pump was equal
to 50 or 100% of that ol the dog. Haema-
tological maodiiications during and after
counterpulsalion are studied in  this
paper. Dogs were submitted to general
heparinization at the beginping of the
xpcr]mtm

Red blood cell dcuua% was assessed
by measurement of hemoglobin, hemato-
crit, plasma hemoglobin, osmotic fragility

of long

and half-time of Cr* labelled erythrocytes.
Piasma hemogliobin was analysed during
counterpulsation by the method of Flink
and Watson.* Osmotic fragility was based
upon the method described by Parpart
and co-workers.® The radioactive-chro-
miium method was carried out as follows
in order to know the immediate and the
delayed hemolysis after counterpulsation.
Approximately 15 ml of blood are deliv-
ered inte 5 mi of sterile acid citrate dex-
irose (ACD) for labeliing with approxi-
mately 30 to 100 Ci of NaxCr'Os. Coun-
terpulsation is siarted immediately after
njection of the €r labclicd red cells,

Blood samples for measurement of
radicactivity were obtained during the
counterpulsation every 15 minutes for
one hour and daily afier the Lounterpul
sation during 10 to 15 days. '

Plasmin activilty was investigated by
ibrinogen dosage and by Astrup plate
technique ' in some dogs during the coun-
terpulsation.

Quantitation of fbrinogen, platelet
count, histological and immunofluores-
cence study with aatiplatelet and anti-
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fibrinogen sera were performed in order
to visualize widespread iniravascular coa-
grfarion, Antifibrinogen and antiplatelet
sera were respectively obtained by a
weekly injection of dog fGbrincgen and
platelets and mixed with Freund's adjue-
vant to rabbits during 6 weeks. Fluores-
cent antibodies were prepared by the
dialysis technigue of Clark and She-
pard.! Coons and Kaplan's method® was
used for the detection of fibrinogen and
platelets in tissues,

Resunts

1. Red blood cell damuage: immediate
red blood cell trauma was studied du-
ring 2 to 4 hours of counterpuisation and
the delayed effects for a period of 10 to
15 days alter the diastolic augmentation.
There was no significant alteration in
hemoglobin, hematocrit and red blood
cell count during counterpulsation.
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TapLE 1 —Plasma hemoglobin  concentralion
fmg) during counterpulsation (CP).

Experi- Before

ment No, cp i-hr CP 2-hr CP 3hr CP 4-hr CP

1 6.0 10.1

2 7.0 12.6

2 5.1 8.0 20.9

4 7.1 9.1 6.7 10.6

3 93 86 2943 232 268

Moderate but constant decreasing of
the osmotic fragility was noted during
counterpulsation, remaining however
within the range of normal values
{Fig. 2). Table 1 summarizes the changes
of plasma hemoglobin concentration du-
ring counterpulsation in 3 experiments.
Increase of plasma hemoglobin was a
‘constant feature but of little value where-
as it did not exceed 30 mg%.

pemotic fragility.

Control Cases
Counterpulsed Animal

_before C.P [
_2 hours of C.P
.4 hours of C. P
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Fig. 2—0Osmotic fragitity curves during counterpulsation. The normal range (control cases) is
indicuted by the dotied lines. '
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The normai range is indicateq by the

dotted area Half jife span of Crvthrocvies ig reduced from one third 1o
. s = . :
" one half

A decrease i hemogiohin and hemato.
Crit to aboyt 20-10% of (ke lormai valyeg
was observed g SOIMC animals 2 oo 3
days afrep tounterpulsation,

More striking featyres were evideneed
by the radioactive chromium method,
Postcuuntcrpuisatz’on erythrocytes  sup
vi\-'al_curves, determined With Cr¥ zre
plotied in Agure 3,

Normaj published vajyes of apparent

hall-iime survival of dog erythrocytes

(dotied arca) vary from 2; Lo 30 days.

After counicrpuisaiion, there is 4 More
rapid dccreasmg of ihe Percentage  f
Cro aclivity, mean aail Jife span of ery-
thiocyles oeing reduced from one third
o one half of the normal vafse,
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In order divide immediate apd de-
fayed  decrease of radioactivity during
“ounterpuisation, the  Former has been
“ompared with rhig Y0e occurring in fol
lowing days. : _

In figure 4, decreasing of ¢y radio-
activity is divided nto two Parts: a sharp
slope during the ceunterpulsation and 5
slower one for the latter. ip the 3 ex-
perimentg which‘are_ Summarized in thig
figure decregse rates of Cps! radibactivity
during the firge hour of Counierpuisarion
are fespectively 7%, 199% ang 269
whereay daily decrease of radioactivity
after COunierpulsaiion approximates 5
o 794,
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2. Changes in fibrinogen Concenira-  culay clotting syadrome, Buring counter.
tion and Plasmin Activity were measured pulsation, a drop in platelet count ran-
during counterpulsation, Samples for ging. down 15 1 50% by the end of
IIbrinoger sage were collectad Very  diastolic augmentatio as { -
fibrinogen do g lected eve diastoli g fation  has been ob

hour during card
of fibrinogen

iac assistance, Decrease
concentration reaching 14
to 3G% is 4 constant feature oceurring as
from the end of the first hour. Plasmin
activity (Astrup plate technique) was de.
termined during  severnl caperiments.,
Moderate increasing of plasmin activity
was observed ip most instances. Maxi
UM activity was noted al the end of
the counternulsation. '
3. Platelet count, ﬁbrinogcn dosage,
microsconic observation  angd immuno-
Maorescence studies were performed in
order 1o cvidence disseminated intravas-

served. The higher is the drop in plasma
fibrinogen ievel, the higher is the tall
H1 plateler number {Fig. 5). These find-
ings being classic data in the iniravas-
clfar clolting syndrome, we irjed to evi-
dence thrombi ;'ﬁ'udutliﬁﬁ in the i:api“ary
network by microscopic and immuno-
fluorescence. studies.

Flunrescent antiplatelet and antifibring.
e sera can detect platelet and Abrin
thrombi in several tissues. We fajled )
find similay lesions in hewrs, fung, kidm:_y,
and Hver biopsics after
ceunterpulsation. 1y hemato-

intestine, snieen
2 hours of

2i4
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xyli-cosin stained Ussue sections no pla-
telel o fbrin thrombi were observed,
but only capiliary dilatations with blood
stasis. '

Biscussion

The factors which might be
to aficet the integrity of the red blood
cells during extracorporeal pumping have
been particularly well studied by Bern-
stein and co-workers ? They include posi-
tive and negative pressure pulses, shear
forces induced cithor by local turbuience
or'by an over-alj velocity gradient, inter-
actions between erythrocytes and the sur-
faces of the pumping system: and chem.
ical facrors, '

In this paper, early and delayed trauma
of red blood cells were stadied. The con-
cept of sublethal red blood celj damage
was first inivoduced by Gailetti” and Kus.
serow ¥ who noted the development of
profound anemia and shortened RBC life
spans in animals thar hagl been perfused

expected
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tor several hougs, Measurements of Aema-
tocrit, hemoglobin and red blood ceils
failed to reveal significant changes asso-

clated with counterpulsation, Increasing
plasma hemoglobin conce: frations remain

within well tolerare
It s inleresiing 1o pote & decrease
of the osmotic fragility during counter-
pulsation. This is, in fact, a constant
feature after proionged pumping, but it
{ d during cardiac assist-

d ranges.

was 1ot deseribe

ance. Such alterations in osmotic fragiiity
seem actually to be related 1o some

humoral factors,

tndeglia and associates ¥
peinted out thag the al
tic fragility following
are not only lmited to the traumatized
cetls, but also exist in the entire popula-
tion of untraumatized circulating eryihiro-
tytes. With regard 1o the radioactive
chromivm method, the survival curve
appears fo consist of

an initiz]

have in fact
terations. in osmo-
mechanical irauma

LWo components -
lowed by

steep slope being fol
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a much less rapid Falling slope. The for-

mer corresponds Lo early damage of red

biood cclls, the latter to sublethal dam-
age af This maximal rate of
uction during and just
after pumping is confirmed by a recen
publication of Wallace and associates ™
who measured coproduction to guantify
mechanically  induced  extravascular  he-
moiysis,

these cells,

crythrocyte destr

s

Counterpulsation implies several re-
quisites for the production of dissemi-
nated intravascular clotting. The blood is
repeatedly circulated over [oreign sur-
faces for a period of time which may
induce activation of the Hageman and
other surface clotting factors. Red cell
(hromboplastin  liberated by hemolysis
can also promote coagulations especially
of stagnant acidotic blood; disintegration
of platelet leads to availability of pla-
telet factor 111 which also stimulates the
production of clotting. Decrease of
telets and fibrinogen during counterpul-
sation is probably due to
of these factors in a coagulation process.

The resulting intravascular clotting
could stimulate the release ol excessive
fibrinolytic activity leading to elevaiion
ol plasmin activity. Similar investigations
were carried out by Gans and co-workers
9w in exiracorporeal circulation. They
ascertained thal heparin in normal dose
is probably of littlé value for preventing
disseminated intravascular clotiing, and
that excess heparin is probably necessary
to avoid a hypercoagulability of pumped
blood exposed to certain foreign surfaces,
It is well known that pathologic changes
such as the demonstration of intravas-
cular thrombi are nof necessary (o Con-
clude an intravascular clotting syndrome.
Clotting changes are typical and sufficient
in order to diagnose this syndrome. Re-
lease of plasminogen activators and hepa-

pla-

consumplion

rinization are probably two limiting lac -

jors of the intravascular Lo'vmmnon SYN-
drome in our experiments,

HAEMATOLOGICAL MODIFICATIONS

TN COUNTERPULSATION

CONCLUSIONS

Synchronous cardiac  assistapce by
counterpulsation is a mechanical device
10 assist the failing heart for relatively
short periods. In this paper, physiological
medifications of the blood after such
pumping are studied. Red cell destruction
net. excecd the tolerance to
hemoglobin nor the ability to regencrale
vod cells, Moderate clotting deficits ol
dissermninated coagulation

does iree

intravascular

without pathological evidence is a con-
stant feature. We think that these hema-
tological modifications are but of slight
consequence when carrying out counter-
nulsation.

SUMMARY

Haematological modifications — during
counterpulsation (Simas pump) are stuw
died in the deg. An improved technique
for collection of blood samples in the
dog is first described. Three haematolo-
gical syndromes are studies: 1) erythro-
cvie trauma, 2) intravascular clotting and
3y fibrinolysis. The more siriking featurcs
are a diminution of apparent half lifc
of the erythrocytes (Cr') reaching one
third to one half; biclogic signs of intra-
vascular clotting without thrombi in the
capillaries and a low activation -of the
fibrinolytic system.

REsSUME

Les auteurs ont étudic les modifications
hématologiques consccutives & des séan-
ces de 4 heureq de Coumerpulsafion Cetie
expérimentation a été reéalisde sur le chien
avec une pompe SIMAS.

Une technigue stre a d'abord été mise
au point pour le prélevement a long
terme des échantiflons sanguins.

Trois syndromes hématologiques ont
té étudiés: Valtération des hématics, la
coagulation intravasculaire et la fibrino-
iyse. Le taux d'hémoglobine libre et la
résistance osmolique globulaire varient
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peii b modilication principaic consisic

viv une diminuelion de 34 S50%  de a

domivie apparente des  homatios IEFHES
gquées au O,

On reicve Cpalenient des signes hioko-

giquos de ceagulution intravasculaire sans
mise on Svidence de thrombi infracapil-
Wires, ainst gu'une Iégere activation du

systeme Librinoclytigue.
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