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ABSTRACT

This centrifugal pump (CP) includes two parts: the blood pump and the driving apparatus.
They are connected by six twin magnetic disc plates and driven by a magnetic DC motor (120W).
The blood pump had six leaves deadlocked between two plastic discs. Six leaves were set at
30° angles, separately. In the lower chamber of the CP, there was an inlay magnetic disc, which
is connected with the disc leaves by an axis. This axis was sealed by silicon rubber and a ce-
ramic ring. The priming volume of the blood chamber was 34 ml.

In vitro testing showed that the free hemoglobin caused by the CP was much less than that
caused by a roller pump after 180 min. The effect of this CP on blood cell damage was also
studied in an animal model. Six goats were placed on cardiopulmonary bypass for 180 min.
Perfusion flow rates were maintained between 1.5 and 2.5 L/min. The plasma free hemoglobin
was lower in the CP group (6.04 mg/dL) than in the roller pump group (32.25 mg/dL), p < 0.01.

The CP has been used in ten pediatric patients undergoing cardiopulmonary bypass sur-
gery. The patients’ ages were from three to five years, and body weights were from 15 to 20 kg.
Perfusion flow rates were maintained between 1.8 and 2.5 L/min, and bypass times were from
30 to 50 min. The rotation speeds were from 2000 to 2500 rpm. All the patients recovered
smoothly, and no hemoglobinuria occurred.
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INTRODUCTION

The centrifugal pump (CP) has been used in assisted circu-
lation and cardiopulmonary bypass (CPB) for decades (1, 2). In
recent years, it has attracted more attention from pediatric sur-
geons because of its low prime volume and less damaging ef-
fects on blood cells (3, 4). Here we report our design* for a CP
and the results of laboratory and clinical testing.

MATERIALS AND METHODS

The CP consists of two parts: the blood pump and the driv-
ing apparatus. Both are connected by six twin magnetic disc
plates and driven by an oblate DC motor (120W).

Blood pump: The blood chamber of the pump is made of
acrylic resins. In the chamber, there are six plastic leaves which
are deadlocked between two plastic discs. The leaves are set at
30° angles. In the center of the upper disc, there is a 20 mm di-
ameter hole (blood inlet). In the lower chamber of the biood
pump, there is an inlay magnetic disc which is connected to the
disc leaves by an axis. This axis is

LABORATORY AND CLINICAL TESTS

IN VITRO TEST

The centrifugal pump and a rolier pump were compared for
blood cell trauma under the same conditions, including perfu-
sion pressure, flow rate, blood temperature, and hematocrit
(20%). Four different flow rates from 1 to 4 L/min were selected
for the test, which lasted three hours at each flow rate. Blood
samples were obtained at 30 minute intervals and plasma free
hemoglobin was measured.

Fresh blood was obtained, anticoaguated by ACD, and di-
luted with ringer’s solution (a hematocrit of 20%; 500 ml di-
luted blood was selected for each test). The blood temperature
was controlled at 23°C. Another 2000 units of heparin was added
at the beginning of the test.

ANIMAL TEST

Six goats, weighing from 30 to 50 kg, were the subjects of
the animal test. After anesthesia, the chest was opened and rou-
tine CPB was conducted. The same type of hollow fiber oxy-

ealed by sili bb d -
scared Dy stiicon rubber and a ce Table 1: Plasma free hemoglobin at different perfusion flows and perfusion times between
ramic ring to prevent blood leakage. . . A

. ° centrifugal pump and roller pump in the in vitro test
The priming volume of the cham-
ber is 34 ml . Pressure 100 mgHg 100 mmHg 150 mmHg 150 mmHg
Driving apparatus: The pump is

driven by an oblate DC motor Perfusion Flow 1 L/min 2 L/min 3 L/min 4 L/min
120W, 3600 rpm. The motor axis is Pump RP CP RP cp RP CP RP cp
cpnnected to apother mle}y magnetlc TIME (min) HEMOGLOBIN (mg%)
disc. When this magnetic disk con-
nects with the disc of the blood 0 11.6 11.0 10.2 9.9 10.4 10.2 9.5 10.8
pump, the pump can move with the 30 152 | 188 | 334 | 152 | 376 | 257 | 386 | 334
rotation of the motor. Blood is 60 216 | 248 | 512 | 216 | 653 | 334 | 831 | 388
driven into the pump through the 90 306 | 284 | 677 | 286 | 853 | 462 | 1333 | 504
top hole and out of it through the 120 | 372 | 384 | 847 | 340 | 1195 | 500 | 191.2 | 575
side hole by centrifugal force. The 150 | 410 | 402 | 1013 | 460 | 1413 | 629 | 2152 | 66.1
perfusion flow rate is displayed by 180 | 446 | 404 | 1157 | 512 | 1514 | 715 | 2809 | 68.5
an electromagnetic flow meter, and

the motor speed is
controlled by voltage

of the motor. The Table 2: Plasma free hemoglobin at different perfusion flows and perfusion times between centrifugal pump
outlet pressure of the and roller pump in the animal test
pump is between 0- P .
HCT Flow | Press Pl free h lobin (mg/dl

600 mmHg, and the ump ressure asma free hemoglobin (mg/dl)
maximum flow rate % L | mmHg | 0 30 60 90 120 150 180
is 8 L/min. The pump
connector’s diameter CP 20 1.50 180 0 0.01 1.79 1.39 2.80 4.01 421
is 3/8 inch. CP 10 2.50 185 0 0.40 2.82 2.62 3.12 3.12 3.92

CP 13 2.20 180 0 2.9 4.3 7.7 11.7 11.7 10.0
“Centrifugal pump made RP 15 | 244 | 440 0 0.1 7.4 87 | 280 | 15.1 20.2
by the laboratory of Pedi-
atric Thoracic and Car- RP 16 2.25 330 0 04 9.9 15.5 26.0 320 39.6
diovascular Surgery, Xin RP 16 2.0 270 0 4.13 7.84 | 17.54 | 2044 | 22.54 36.94
Hua Hospital, Shanghai,

China.
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genators were used for each test. Three tests each were conducted
for the centrifugal pump (Group 1) and roller pump (Group 2).
The flow rates were controlled between 1.5 and 2.5 L/min. Blood
samples were drawn at 30, 60, 90, 120, and 150 minutes of by-
pass for plasma free hemoglobin management.

PRIMARY CLINICAL DATA

This centrifugal pump was used in 10 pediatric patients with
congenital heart defects undergoing CPB surgery. The patients’
ages were from three to five years, and their weights were from
10 to 20 kg. The perfusion flow rates were maintained at from
1.83 to 2.5 L/min, and bypass times were from 30 to 50 min.
The rotation speeds of the pump were from 2000 to 2500 rpm.

RESULTS

In the in vitro test, there were no significant differences in
plasma free hemoglobin between the two types of pump at any
intervals when a 1 L/min flow rate was used. However, at the
flow rate of 2 L/min or above, the blood trauma of the CP was
much less than that of the roller pump (paired t test p < 0.01)
(Table 1).

In the animal test, after 180 minutes on bypass, the plasma
free hemoglobin increased by 6.04 + 6.06% in the CP group,
whereas in Group 2, it increased by 32.24 + 32.25% (paired t
test p < 0.01) (Table 2). From the results, we can see less blood
trauma in animals using the centrifugal pump than using the
roller pump. But the difference after a short bypass time (less
than 30 minutes) was not significant.

In clinical testing, the CP was used with ten pediatric pa-
tients. All patients recovered well and no hemoglobinuria oc-
curred.

DISCUSSION

Our testing showed less blood trauma in the CP, however
this advantage is not significant when the CPB time is short (5,
6). If CPB is needed for a long time or as an assist pump for
postoperative heart failure, use of the centrifugal pump is obvi-
ously more advantageous than use of the roller pump (7).

There is a 1.5 to 2 mm rift between the leaves and the shell
of the blood chamber in the CP. The rotating speed must be high
to maintain forward blood flow. If the rotating speed is low, the
perfusion flow will be backward; thus, the CP is not suitable for
infants. The arterial line must be clamped as soon as the CP stops

®).
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