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Abstract

Preservation of platelet count during cardiopulmonary bypass (CPB) was retrospectively studied in 784
consecutive adult patients undergoing cardiac surgery, including high-risk “special case” patients. The extracor-
poreal circuit included a closed membrane oxygenator system for all patients. A roller pump (Cobe Laboratories
or Stockert-Shiley) was used for bypass in one group of 564 patients, while a centrifugal pump (BioPump, Bio-
Medicus) was used in a second group of 220 patients. There was no difference between the roller and centrifugal
pump groups withrespect toage, sex, total bypass time, and pre-bypass platelet count. For purposes of this study,
retention refers to the patient’s last platelet count on CPB expressed as a fraction of the pre-CPB platelet count.
The centrifugal pump group had a higher platelet retention than the roller pump group (.619 vs .595, p<.05).
Patients with prolonged bypass times (> 120 min) had a lower platelet retention in the roller pump group (.568
vs .610, p<.05), but no significant decrease was seen in the centrifugal pump group (.617 vs .621, p>.05). Patients
over the age of 70 had a lower retention than those under 70 in the roller pump group (.576 vs .604, p<.05), but
there was no difference in the centrifugal pump group (.600 vs .628, p>.05). The special case patients had a lower
retention when the roller pump was used (.563 vs .607, p<.05), while platelet retention was not affected in the
centrifugal pump group (.603 vs .625, p>.05), however bypass time was also prolonged in the special case group.
The centrifugal pump results in improved platelet retention on cardiopulmonary bypass. This improvement is
most notable in prolonged cases (> 120 min), in older patients (> 70 yrs), and in special cases.

Introduction

Platelet preservation during cardiopulmonary bypass
(CPB) has long been a goal of both the perfusionist and the
cardiac surgeon””. Hemodilution due to priming of the
extracorporeal circuit with crystalloid or colloid solution
results inbothalower hematocritand platelet count during
CPB. It is well known that these two factors, plus the
activation of platelets within the extracorporeal circuit, can
beacauseof coagulopathy during the postoperative period*. The
type of blood pump used for extracorporeal support may
influence the preservation of platelets during bypass. The
centrifugal pump, employing the constrained forced vor-

tex principle, is felt to be less traumatic to formed blood
elements than the conventional roller pump’. The effect of
the pump on platelet preservation is not well defined. We
compared preservation of platelet count between a cen-
trifugal pump and conventional roller pumps.
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Materials and Methods

As part of the quality assurance program of the Medical
Perfusion Department, a database consisting of demo-
graphicdata, surgical case information, and perfusiondata
is maintained on all patients undergoing CPB. A quality
assurance monitor was established using the quality assur-
ance indicator: “The last platelet count on CPB will be 45%
or greater of the patient’s pre-bypass platelet count”. To
perform this monitoring, platelet counts and compliance
rates were entered into the database.

Patient Selection

For this study, perfusion records from all adult patients
undergoing CPB at Schumpert Medical Center for the two
year period beginning April 1989 through March 1991
were retrospectively reviewed. Variables recorded on each
patientincluded age, sex, total CPB time, pre-bypass platelet
count, platelet count near the end of CPB, and the fraction
of the patient’s platelet count retained. A “special case”
patient was defined as one having a repeat operation
(redo), or on intra-aortic balloon (IABP) support, or one
having a failed angioplasty or one having any combination
of the above. The “special case” patient represents over
thirty-three percent (0.335) of total bypass patients during
the time period studied. Therefore, this group of patients
could yield valuable information to the cardiac team. As-
signment to the roller pump or centrifugal pump group
was based solely on surgeon preference.

Extracorporeal Circuit
The extracorporeal setup for all patients included a
Medtronic Maxima hollow fiber oxygenator, a Medtronic
Intercept cardiotomy reservoir, and a Medtronic custom

tubing pack with a Tygon S-50-HL 1/2” - 3/32" segment -

for the arterial roller pump head?, Bentley Labs BMR 1900
venous reservoir®, a Pall model 3840 arterial filters,
Mallinckrodt model Gem-6 on-line monitoring system?,
Hepcon System 4 and Hepcon ACT: for heparin manage-
ment, Haemonetics Cell Saver Plus’ and a Sarns heater-
coolert. The pump was either a conventional roller pump
(Cobe model 043-600-000" or Stockert-Shiley model 10-00-

Medtronic Cardiopulmonary, Anaheim, CA 92807
Baxter-Bentley Laboratories, Irvine, CA 92714

Pall Biomedical Products Corporation, Glen Cove, NY 11542
Mallinckrodt Sensor Systems, Ann Arbor, MI 48108
HemoTec Inc., Engelwood, CO 80112
Haemonetics Corp., Braintree, MA 02184

Sarns 3M Health Care, Ann Arbor, M1 48106

Cobe Laboratories Inc., Arvada, CO 80004

Shiley Inc., Irvine, CA 92714

Biomedicus, Eden Prairie, MN 55344

Abbott Laboratories, North Chicago, IL 60064
Cobe Laboratories Inc., Arvada, CO 80004

SAS Institute, Cary, NC 27512
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Table 1. Procedures performed

Diagnosis N Percent
Aortocoronary bypass * ventricular aneurysm repair 676 86.2%
Valve procedures + bypass or other repair 94 12.0%
Ascending aorta repair 4 0.5%
Other 10 1.3%

Total 784 100.0%

009 or Bio-Console 540 centrifugal pump'. The roller pump
groupreceived a4:1 mixof blood to crystalloid cardioplegia
while the centrifugal pump group received a commercially
mixed crystalloid cardioplegia (Plegisol*). With this car-
dioplegia method, the centrifugal group received approxi-
mately three times the cardioplegia crystalloid volume as
did the roller group (approximately 1200 ml versus 400 ml,
respectively). All cardioplegia solution was delivered viaa
custom tubing pack incorporating a stainless steel coil
(Cobe Labs)).

Statistical Methods

Analysis was performed using the Statistical Analysis
System (SAS) software™. Student’s t test was used for com-
parison of two means. Analysis of variance was used to test
for differences in more than two means, with Duncan’s
multiple range test used to compare multiple means. Lin-
ear regression was used to evaluate for regression on time
and on age. Pearson’s product-moment statistic was used
for correlation analysis. Frequencies were compared with
the Chi-square statistic. Means are expressed as mean *
SEM (standard error of the mean). The level of significance
(a-error) used was 0.05. To evaluate the effect of CPB time
on platelet retention using analysis of variance, cases were
divided into short (<90 minutes), mid (90 - 120 minutes),
and long (>120 minutes). To evaluate the effect of age on
platelet retention using the t test, cases were divided into
two groups, patients <70 yearsand 270 years of age. Where
appropriate, analyses were repeated after sub-grouping by
blood pump type.

Results

The study sample consisted of 784 patients. Eighty six
percent (86%) of patients underwent aortocoronary bypass
grafting (Table 1). The remaining patients underwent valve
procedures, ascending aorta repair or other procedures. Of
the 784 total patients, the roller pump group consisted of
564 patients, and the centrifugal pump group consisted of
220. There was no significant difference between the two
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pump groups with respect to patient characteristics, CPB
bypaSS ﬁme, and pre-CPB platelet count (Table 2). HOW" Table 2. Comparison of patients by pump type
ever, the fraction of platelets retained was significantly
lower in the roller pump group than in the centrifugal Rolter Cenrifugal P value
pump group (.596 + .006 vs. .619 +.010, p=.049). N 564 20
Analysis of variance on bypass time classified into three Age 631286 stes6t NS
groups (<90 min, 90 - 120 min, and > 120 min) revealed a Sex (M/F) , 4;09/155 163/57 NS
. e . . . . . 45 /26% 3%/ 21%;
significant reduction in platelet retention with increased o o e 5’ ( 9/ i) «
. . ot; time 94.8x1) 1622
bypass time (p < .05). When grouped by pump type, this e B o o 9]9 22%%6548; NS
. sy . Te- atelet count  240,701=296 690 =
significant reduction was noted for the roller pump group . CPBP o e e N
. . . 0S4 atelet count U572 2 , 159«
(p < .05, Figure 1), but in the centrifugal pump group, there I Tm ) w052 006 s e
was no loss of platelet retention with prolonged bypass o o .
times (p > .05, Figure 2). Regression analysis of platelet
retention confirmed this significant decrease in retention _ . ,
. . R R Age is expressed in years, time in minutes. and platelet count in cells/ul. Means are
with increased total CPB time (p = .004). When comparing expressed as mean = SEM.
the effect of time on platelet retention by pump type, the
Figure 1 Figure 2
Platelet retention in the roller pump group for the three Platelet retention in the centrifugal pump group for the three
groups of total cardiopulmonary bypass time: short (<90 groups of total cardiopulmonary bypass time: short (<90
min), mid (90-120 min) and long (>120 min). A statistically min), mid (90-120 min) and long (>120 min). There was no
significant reduction in platelet retention with longer pump significant reduction in platelet retention with longer pump
times was noted (p<.05). time.
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0.65 | 0.65
l
F F
r r
a a
f 0.60 | ': 0.60 |
| i
° °
n n
r r
° e
t t
a a
1 1
n 055 n 0.55 -
° o
d d
0.50 - 0.50 -
SHORT MID LONG SHORT MID LONG
CPB time CPB time

Vol. 23 No. 2 36



THE JournAL ofF EXTRA-CORPOREAL TECHNOLOGY

Table 3. Effect of age on plateiet retention (all patients)

Age < 70 Age 2 70 P value
N 542 244
Age 58.6+0.4 743202
Total CPB time 92.8+15 96424 NS
Pre-CPB platelet count 240,083 + 2963 232,147+ 5361 NS
Post-CPB platelet count  144,040+2012 133,852 +3533 p=.008
Platelet retention 611,006 .584+.010 p=.019

Age is expressed in years, time in minutes, and platelet count in cells/ul. Means are

expressed as mean = SEM.

Table 4. Effect of age on platelet retention (centrifugal pump)

Age < 70 Age 2 70 P Value
N 147 73
Age 59.920.7 74.0+04
Total CPB time 92.7£2.7 89.5x3.2 NS
Pre-CPB platelet count 226.850%4873 235,410+ 13360 NS
Post-CPB platelet count 140,210+ 3388 140,054 £ 8635 NS
Platelet retention 0628011 6002 .019 NS

Age is expressed in years, time in minutes, and platelet count in cells/ul. Means are

expressed as mean + SEM.

roller pump cases demonstrated a decrease in retention
with increased CPB time (p = .004), the centrifugal pump
cases showed no significant reduction (p = .644).

A comparison of patients 70 years of age and older with
those under the age of 70 is given in Table 3. Although the
two groups did not differ in pre-bypass platelet count or
total bypass time, platelet retention rate was lower in the
older group. When the analysis was repeated for each
pump type, platelet retention was not different between
the age groups in the centrifugal pump patients (Table 4).
In the roller pump group, those 70 years and older had a
lower platelet retention (Table 5). The total CPB time was
also greater in this older group, however partial correlation
analysis between age and platelei retention with correction
for CPBtime effect yielded astatistically significant Pearson
partial product-moment statistic (rxy.z = -.106, p = .003).

The effect of being a special case on platelet concentra-
tion was analyzed. When comparing special case patients
(n=197) to all others (n = 587), the former had a lower pre-
bypass platelet count (227,633 £ 4315 vs 241,005+ 3203, p =
.027), alower retention (.575 +.011 vs .616 .006, p = .003),
but also a longer CPB total time (104.0 mins. + 3.0 vs 90.5
mins. + 1.2, p = .0001). Comparison of special cases and
routine cases was repeated for each pump type. In the
centrifugal pump group, there was no difference with
respect to age, platelet count, and retention. The roller
pump group, however, had alower retention (.563+.011 vs
.607 +.007, p = .003). Special cases had a longer pump time
in both centrifugal (102.0+5.1 vs 87.8+2.1 min, p=.002) and
roller (104.7 £ 3.7 vs 91.6 + 1.5 min, p =.001) pump groups.

Discussion

An improved platelet count retention on CPB infers an
improved coagulation state post bypass®°®. Decreased

Table 5. Effect of age on platelet retention (roller pump)

Age < 70 Age 2 70 P Value
N 395 171
Age 58.220.5 744203
Total CPB time 929+1.8 99.322.5 p=.046
Pre-CPB platelet count  245,007+3612 230,7545130 p=.027
Post-CPB platelet count  145465+2456 131,204 +3442 p=.001
Platelet retention .605%.008 5772011 p=.047

Age is expressed in years, time in minutes, and platelet count in cells/ul. Means are

expressed as mean + SEM.

platelet concentration and function and platelet activation
within the CPB circuit can lead to serious complications
including reperfusion injury due to deposition of platelet
aggregates within the coronary vasculature”. Increased
bleeding times post bypass due to loss of platelet fibrino-
gen receptors may result in increased post-op blood loss'.
Therefore, methods to improve platelet retention during
cardiopulmonary bypass seem warranted.

There have been few studies of the effect of pump type
on platelet retention. Takeda et al” reported a study com-
paringroller versus centrifugal pumping in a canine model
of cardiopulmonary bypass. Platelet countremained nearly
constant in the centrifugal pump group, but dropped to
half of pre-bypass levels with the roller pump.

A previous study in humans evaluated a silicone mem-
brane oxygenator in combination with a centrifugal pump
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againsta polypropylene membrane oxygenatorand aroller
pump, and found no statistical differences to warrant a
change”. However, differences due to pump type alone
could not be evaluated. In addition, CPB times were rela-
tively short (approximately 65 minutes) in comparison to
our group (approximately 94 min), and our current study
found similar results in the short CPB times. As time on
CPB increases beyond 120 minutes, however, statistical
differences between the roller pump and centrifugal pump
are evident.

Wheeldon and colleagues' reported a prospective ran-
domized human trial of sixteen patients in which the only
difference between two groups was the pump type (roller
versus centrifugal). Preservation of platelet numbers was
significantly better in the centrifugal pump group.

Our study illustrates a statistically significant improve-
ment in platelet count retention utilizing the centrifugal
pump in those patients with longer CPB times, in those
over the age of 70, and those classified as special cases.
Because of a significant correlation between age and total
CPB time, however, it is possible that the decreased reten-
tion in older patients was due to a longer pump time and
not due to the effect of age itself. However, partial correla-
tion with correction for CPB time was still significant,
suggesting that age may indeed be an independent factor
affecting platelet retention. Special case patients also dem-
onstrated a lower retention. It is likely that this effect was
due to the longer CPB time since special cases had signifi-
cantly longer times.

Although our study was retrospective, it included a
large number of (784) patients. It was well controlled in that
our two patient groups did not differ, and the only primary
difference in cardiopulmonary bypass technique and
equipment was the blood pump.

It should be noted that the roller pump cases in our
study were conducted with a 4:1 blood:crystalloid car-
dioplegia, receiving on the average of 400 ml of crystalloid.
The centrifugal pump cases were conducted with crystal-
loid cardioplegia, receiving an average of 1200 ml. In spite
of the smaller crystalloid volume in the roller pump group,
for which the dilutional effect would be expected to be less
significant, platelet retention was lower.

In conclusion, the centrifugal pump is associated with a
significantly greater platelet retention than the roller pump.
This difference is most pronounced when the length of the
pump runis greater than 120 minutes, the age of the patient
is70 and older, and in special case patients. The centrifugal
pump should be considered as an alternative to the roller
pump when these conditions exist or are anticipated.
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