Problems in Hemostasis During Open-Heart Surgery: *

II. On the Hypercoagulability of Blood During Cardiac Bypass

Hengry Gans, M.D.,** Davip L. Siecar, M.D.,*** C. WarLTON Lirerer, M.D., Pu.D..}
WirLiam Krivrr, M.D., PuieD.#f With the Technical Assistance of
Auprey Runvow, B.S., MarioN MacAurey, B.S.,
Mary AnN Gans, R.N., B.S.

From the Departments of Surgery and Pediatrics of the University of Minnesota
Hospitals, Minneapolis 14, Minnesota

Broon is exposed to considerable trauma
during cardiac bypass. Subjected as it is
to filters, tubing and metal connectors, it
is also subjected to the shearing force of
oxygen bubbles, the mechanical action of
a pump and the action of one or several
cardiotomy suckers.

The effect of trauma on blood has been
extensively investigated.”-* It has, for in-
stance, repeatedly been shown that dur-
ing extracorporeal circulation the number
of circulating platelets and red cells is
greatly reduced. This presumably is the
result of damage of these cells. The plasma
hemoglobin level invariably rises. These
products of blood cell destruction have
been related to changes in vaso-motor ac-
tivity and renal function.

In the present study the effect of the
heart-lung machine alone on the blood
was investigated. The previously noted
changes in platelet number and plasma
hemoglobin concentration were confirmed.
In addition, it was shown that these
changes resulted in the release of large
quantities of a thrombo-plastin-like sub-
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stance. The presence of this substance ren-
dered the blood hypercoagulable. The
consequences of the hypercoagulability of
this blood are discussed with regard to
changes in fibrinogen concentrations which
occur in humans during extracorporeal
circulation.

Methods and Materials

A. In Vitro Bypass Experiments. Four
sets of experiments were performed. Four
experiments were done with fresh hepa-
rinized dog blood, four with fresh ACD
dog blood, two with fresh human ACD
blood, and two with human plasma. The
human blood was obtained from donors of
the same blood type. The fresh human
plasma was obtained from the blood bank.
In each case the blood was drawn just
prior to the start of the experiment.

Two types of oxygenators were used.
They were a disposable bag oxygenator {1
into which silicone stainless-steel sponges
were inserted to aid in debubbling, and
a DeWall-Lillehei bubble oxygenator of
the type used on the clinical service of this
hospital. Sigmamotor pumps were used in
both set-ups and these pumps were set
just to the point of total oceclusion. No sig-
nificant difference was found in the results
obtained from these two oxygenators.

t+1 Supplies by Travenol Laboratories.
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TABLE 1. Number of Platelets

Specimen No,

1 2 3 4 5
Dog blood I 264.000 232.000 120.000 120.000  80.000
Dog blood II 172,000 156.000 120.000  §4.000  64.000

Dog blood TIT  360.000 220.000 160.000 136.000 112.000

Specimen 1—Obtained before starting the pump.
Specimen 2—Obtained 5 min. after starting the pump.
Specimen 3—Obtained 30 min. after starting the pump.
Specimen 4—Obtained 60 min. after starting the pump.
Specimen 5—Obtained 120 min, after starting the pump.

In all experiments the oxygenator was
assembled and debubbled in a manner
identical to that used in the preparation for
open-heart surgery. The oxygenator was
then primed with 1,200 to 1,500 cc. of
the freshly drawn blood or plasma and
the arterial line filled. This line was then
connected to the venous inlet of the oxy-
genating column. The initial blood samples
were drawn from the ventricular tubing of
the pump-oxygenator and the pump was
then started. The blood was recirculated
through the oxygenator for two hours, with
additional blood samples being drawn five
minutes, 30 minutes, one hour and two
hours after starting the pump. Flow rates
varied from 900 to 1,650 ce. per minute.

B. In Vitro Study of the Effect of
Erythrocyte and Platelet Stroma on the
Clotting Process. Fresh human blood was
obtained immediately before the experi-
ment. Twenty em.® of the blood was col-
lected in sodium citrate, 5.0 cm.? in seques-
trene. The blood was centrifuged and the
plasma separated from the red blood cells
and platelets. The platelets (obtained from

TaB1E 2. Plasma Hemoglobin Concentrations in Mg. 95

Sample No.
1 2 3 4 5
Dog blood IIT 0 14 46 89 191

Dog blood IV 5 21 121 158 277

Human blood I 55 47 43 81 147
Human blood II 0.5 9.5 36 3 137.5
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the sequestrene blood) were suspended in
2.0 ecm.® of 0.9 per cent saline. The red
blood cells (obtained from the citrate
blood) in 10 cm.® of 0.9 per cent saline.
Both cell suspensions were twice quick
frozen and thawed. The experiments were
done with citrated plasma, physiological
saline solution and disintegrated cell sus-
pensions. Recalcification time and thrombin
generation times (vide infra) were done
on plasma-saline (10:1); plasma-disinte-
grated platelet suspension (10:1) and
plasma-disintegrated red blood cell sus-
pension (10:1).

The blood samples were processed for
micro hematocrits, fibrinogen concentra-
tions (K. Jacobsson?®), plasminogen con-
centration (Norman?®), plasminogen acti-
vator activity,* plasmin activity (Lassen®),
platelet counts, thrombin times and throm-
bin generation times (Biggs and Mec-
Farlane®), plasma hemogloblin (Flink
and Watson?®) and recalcification times
(Quick '%22). Platelets counts were done
on the heparinized blood samples only.
Samples of this blood were drawn up in
a white cell pipette and diluted with Reese
Ecker solution. Subsequently, the pipette
was placed in a mechanical pipette shaker
for 15 minutes. Three separate counts were
done on each individual blood sample. The
average of three counts was taken as the
platelet count of the sample.

Results

A. In Vitro Bypass Experiments: Plate-
let Counts. The platelet count invariably
declined during the recirculation of blood
through the pump oxygenator. The values
found dwing the experiments are sum-
marized in Table 1.

Plasma Hemoglobin Concentration. The
plasma hemoglobin concentration increased
as the blood continued to be circulated
through the system. The values found dur-
ing the experiments are summarized in
Table 2.




Volume 156
Number 1

I'ibrinogen Concentrations. No signifi-
cant changes were observed in the fibrino-
gen concentration during these experiments
as appears from the fibrinogen values sum-
marized in Table 3.

Plasminogen Concentrations. No signifi-
cant changes were observed in the plas-
minogen concentration during the period
of recirculation of the blood.

Plasmin and Plasminogen Activator Ac-
tivity. There was no evidence of activation
ot plasminogen during the period of re-
circulation of the blood.

Recalcification Time and Thrombin Gen-
eration Time. The recalcification time be-
came shorter during the recirculation of
the blood as did the thrombin generation
time (Table 4 and 5). These changes were
absent when plasma was used instead of
whole blood.

Thrombin Time. The thrombin times
changed little; occasionally the values be-
came slightly shorter during the course of
the experiment.

B. In Vitro Study of Effect of Erythro-
cyte and Platelet Stroma on Clotting
Process: Recalcification Times. Mixture of
0.1 em.2, 0.9 per cent saline with 1.0 cm.®
plasma control plasma gave a recalcifica-
tion time of 187.7 sec. Mixture of 0.1 cm.?
platelet suspension with 1.0 cm.® plasma
gave a recalcification time of 59.2 sec.
Mixture of 0.1 ¢m.? erythrocyte suspension

TasrLe 3. Fibrinogen Concentrations in Mg. %,

Specimen No.

1 2 3 4

u

PROBLEMS IN HEMOSTASIS DURING OPEN-HEART SURGERY 21

Tasre 4. Recalcification Times in Seconds

Sample No.

1 2 3 4 5

Dog blood I 314 708 09 704 506
Dog blood IT 99.0 38.0 200 330

160.0 1006 77.8 93.1 3599

Human blood I  164.5 1430 820 9506
Human blood II  152.2

Dog blood IT1T

103.0
110.0 1120 1122 925

with 1.0 em.? plasma resulted in a recalci-
fication time of 53.1 sec.

Thrombin Generation Time. Thrombin
generation time of control plasma: 3 min.
16.9"; that of plasma and platelet suspen-
sion: 1 min. 12.2”, and that of plasma and
erythrocyte suspension: 1 min. 12.9".

Discussion

Blood and plasma were recirculated
through a pump oxygenator. During the
course of the recirculation of the blood,
several changes were observed in the clot-
ting mechanism of this blood.

It was demonstrated that the number of
platelets and red cells decreases. These
changes were found to be associated with
a rise in the plasma hemoglobin concentra-
tion. Simultancously, there was found to
be a marked shortening of the recalcifica-
tion and thrombin generation times. Since
the amount of prothrombin remains con-
stant throughout these experiments, the
data, summarized in Table 5, indicate the
generation of considerable quantity of
thromboplastin in the blood.

TagLE 5. Thrombin Generation Time

Dog blood I 350 354 347 339 343

Dog blood II 250 250 246 250 238
Dog blood IIT 240 258 231 236 218
Dog blood TV 384 381 364 377 382
Human blood T 224 190 191 190 191

Human blood IT 204 191 188 187 190

Human plasma T 216 210 212 219 219
Human plasma IT 202 197 194 195 197

Specimen No.

1 2 3 4 5
Dog blood I 338" 126" 1187 216" 246"
Dog blood 1T 3'30” 17197 18.5"" - 14.6""
Dog blood ITI 6’33 17287 1'14”  15.37  14.2"
Dog blood IV 2'394 17.27% 13.3% 11,97 13.2"
ITuman blood I 513" 219" 11297 1726"  U'11"

Human blood I 2'46" 217 224" 211" ST

Human plasma [ 2114”7 220" 2107 213" 21117
IIuman plasma IT 2718”420 320" 246" 211"
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