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Abstract: Acute preoperative plateletpheresis (APP), cell sal-
vage (CS) technique, and the use of aprotinin have been indi-
vidually reported to be effective in reducing blood loss and blood
component transfusion while improving hematological profiles
in patients undergoing cardiac surgery with cardiopulmonary by-
pass (CPB). In this prospective randomized clinical study, the
efficacy of these combined approaches on reducing blood loss
and transfusion requirements was evaluated. Seventy patients
undergoing primary coronary artery bypass grafting (CABG)
were randomly divided into four groups: a control group (group
I, n � 10) did not receive any of the previously mentioned
approaches. An APP and CS group (group II, n � 20) experi-
enced APP in which preoperative platelet-rich plasma was col-
lected and reinfused after reversal of heparin, along with the cell
salvage technique throughout surgery. The third group (group
III, n � 22) received aprotinin in which 5,000,000 KIU Trasylol
was applied during surgery, and a combination group (group IV,

n � 18) was treated with all three approaches, i.e., APP, CS, and
aprotinin. Compared with group I (896 ± 278 mL), the postop-
erative total blood loss was significantly reduced in groups II, III,
and IV (468 ± 136, 388 ± 122, 202 ± 81 mL, respectively, p < 0.05).
The requirements of packed red blood cells in the three ap-
proached groups (153 ± 63, 105 ± 178, 0 ± 0 mL, respectively)
also were reduced when compared with group I (343 ± 118 mL,
p < 0.05). In group I, six patients (6/10) received fresh-frozen
plasma and three patients (3/10) received platelet transfusion,
whereas no patients in the other three groups required fresh-
frozen plasma and platelet. In conclusion, both plateletpheresis
concomitant with cell salvage and aprotinin contribute to the
improvement of postoperative hemostasis, and the combination
of these two approaches could minimize postoperative blood loss
and requirement. Keywords: Cardiopulmonary bypass (CPB),
acute preoperative plateletpheresis (APP), cell salvage (CS),
aprotinin, cardiac surgery. JECT. 2005;37:9–14

Cardiovascular surgery with cardiopulmonary bypass
(CPB) often is associated with the loss of large quantities
of blood. Because massive blood loss and blood compo-
nents transfusion are always associated with increased

morbidity and mortality, and homologous blood products
transfusion also exposes the patients to the risks of trans-
fusion reaction and viral infection, it is critical to minimize
the blood loss and transfusion requirement during cardio-
vascular surgery (1).

Multiple approaches, both physical (mechanical seques-
tration) and chemical (drugs), have been applied in clini-
cal situations to improve hemostasis during cardiopulmo-
nary bypass. Acute preoperative plateletpheresis (APP)
or the separation of platelet-rich plasma (PRP) at induc-
tion of anesthesia with the return of PRP after neutraliza-
tion of heparin, cell salvage (CS) technique, and the use of
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aprotinin have been individually reported to be effective
in reducing blood loss and blood component transfusion
while improving hematological profiles in patients under-
going cardiac surgery (1–7). In addition, most manufac-
turers design disposables together to achieve patient’s
APP and CS in the same machine and decrease the medi-
cal costs. However, very few studies have been undertaken
on the combination of these approaches on clinical hemo-
stasis effect.

In this prospective randomized clinical study, we evalu-
ated the efficacy of combining these approaches on reduc-
ing blood loss and transfusion requirement. We hypoth-
esized that, in patients undergoing elective coronary ar-
tery bypass grafting (CABG), either acute preoperative
plateletpheresis concomitant with cell salvage or aprotinin
could improve postoperative hemostasis and that the com-
bination of these two approaches could minimize blood
loss and transfusion requirement.

MATERIALS AND METHODS

The study protocol was approved by the Fu Wai Cardio-
vascular Hospital Institutional Review Board. All patients
gave informed consent to participate in the study. Patients
who had preoperative known bleeding or coagulation dis-
orders were excluded. Randomized patients also were ex-
cluded from further statistic analysis if, during the surgery,
they experienced unexpected surgical hemorrhage with
hemodynamic instability.

All operations were performed at Fu Wai Cardiovascu-
lar Hospital, Beijing, China. All procedures were con-
ducted with general anesthesia, with a balanced technique
of moderate-dose fentanyl and low-dose isoflurane. Pul-
monary capillary wedge pressure (PCWP) and radial ar-
tery pressure were monitored for all patients. A 9-French
sheath was inserted into a central vein for blood with-
drawal and fluid infusion. During the operation, nitroglyc-
erine was used to treat elevations in PCWP, and nitroprus-
side was used to treat increases in afterload. Inotropic and
chronotropic drugs were administered as needed to opti-
mize systolic and diastolic function. Systemic heparin of
400 unit/kg was administered to all patients before CPB
and was reversed with protamine after CPB. All patients
received CABG under CPB with a nonpulsatile roller
pump (Stockert-II, Munich, Germany), a membrane oxy-
genator (Capiox SX-18, Terumo, Tokyo, Japan), and 4:1
cold blood cardioplegia (Perfect, Beijing, China). The
pump circuits were primed with 1000 mL of colloid solu-
tion (Gelofusine, B. Braun, Melsungen, Germany) and
750 mL of crystalloid solution (Lactate Ringer Injection,
Baxter, Deerfield, IL). After CPB, all remained pump
blood was returned to the patient through the aortic can-
nula or intravenously by infusion bag without hemocon-
centration. The established criteria for transfusion of Fu

Wai Cardiovascular Hospital were used. Red blood cells
were transfused to maintain the hematocrit (Hct) �30%
before CPB, �21% during CPB, �24% after CPB, and
�27% in the surgical intensive care unit (ICU).

Patients undergoing elective primary CABG were ran-
domly divided into four groups: a control group (group I)
without any approach performed; an APP and CS group
(group II) in which preoperative PRP was collected and
reinfused after reversal of heparin and cell salvage was
performed throughout surgery; an aprotinin group (group
III) in which 5,000,000 KIU aprotinin was applied during
surgery; and a combination group (group IV) in which
APP, CS, and aprotinin all were used.

In group II (APP + CS group), shortly after the induc-
tion of anesthesia, blood was withdrawn via the 9-French
central venous catheter at a rate of 35–45 mL/min and
collected in the 125-mL centrifugal bowel of an autotrans-
fusion unit (Cell Saver 5, Haemonetics Corp., Braintree,
MA). No systemic heparin was administered at this time,
but calcium in the blood was sequestered with citrate by
mixing the blood and ACD (adenosine, citrate, dextrose)
agent (Perfect, Beijing, China) at a volume ratio of 8:1.
The withdrawn blood volume was replaced with a mixing
(1:2) of plasma substitute (Gelofusion) and crystalloid
(Lactate Ringer Injection) at a volume ratio of 1:2.5–3 to
maintain a steady PCWP. The withdrawn blood was cen-
trifuged at 2400 rpm to separate the red blood cells (RBCs)
from the plasma and platelets. After removing the RBCs,
we continually centrifuged the plasma at 2400 rpm to sepa-
rate the PRP from the platelet-poor plasma (PPP). An
average of 30 minutes and three to four passes were re-
quired to complete blood withdrawal and separation of
the PRP and PPP. A volume of blood was withdrawn to
obtain approximately 300 mL of PRP from each study
patient. If the Hct after separation was <30%, the RBCs
were immediately returned to the patient; otherwise, the
RBCs were saved at room temperature and reinfused as
needed during the course of the operation.

In addition, in group II, the autotranfusion device at the
same machine (Cell Saver 5, Haemonetics Corp., Brain-
tree, MA) also was used to retrieve RBCs that were lost
throughout the course of the operation. Saline (0.9%
NaCl) was used to irrigate all the sponges with blood in
the surgical field and then suctioned to the cell saver for
further wash. Autologous RBCs, both obtained during
initial blood withdrawal and obtained via the autotrans-
fusion device during the operation, were reinfused as nec-
essary for Hct < 30% or hemodynamic instability (MAP
< 60 mmHg and/or CVP < 8 mmHg) before CPB, and Hct
< 21% during CPB. After reversal of heparin, the autolo-
gous PPP and PRP were reinfused back to the patients, as
were any remaining autologous RBCs.

In group III (aprotinin group), a high-dose Trasylol
(Bayer, Leverkusen, Germany) was administered to all

10 S. LI ET AL.

JECT. 2005;37:9–14



patients. The protocol is as previous described (8). A load-
ing dose of 2.0 × 106 KIU was given before CPB. An
additional dose of 2.0 × 106 KIU was dropped into the
circuit during CPB, and after CPB continuous infusion of
1.0 × 106 KIU/hour was given until skin closure or until a
total dose of 5.0 × 106 KIU aprotinin was achieved. In
group IV (APP + CS + aprotinin group), all patients re-
ceived the combining treatment of group II and group III,
which was described previously.

Postoperatively, all patients were monitored in the car-
diovascular surgical ICU. Clinical hemostasis was evalu-
ated by measurement of 24-hour blood loss, blood re-
quirement, and total number of homologous blood prod-
ucts transfused. RBC units were transfused to keep Hct
� 27%. Homologous FFP and platelet transfusions were
administered only to the patients with active bleeding
(>2 mL � kg−1 � h−1 chest tube drainage) and a platelet
count <80 × 103/mm3. The ICU physicians and nurses were
blinded regarding the groups to which the patients be-
longed.

The �2 test was used to compare discrete (categorical)
variables, and unpaired Student’s t tests were used to com-
pare continuous variables. Data were expressed as means
± standard deviation, and statistical significance was ac-
cepted at p < 0.05.

RESULTS

A total of 70 patients signed the consents, were enrolled
in the study, and were randomized into the four groups:
10 patients in group I, 20 patients in group II, 22 patients
in group III, and 18 patients in group IV. No patient was
excluded because of unexpected hemorrhage with hemo-
dynamic instability. The four groups were not statistically
different with respect to preoperative demographic char-
acteristics and laboratory values (Table 1).

In the 38 patients receiving APP enrolled in group II
(n � 20) and group IV (n � 18), an average of 1037 ± 184
mL of whole blood was withdrawn for preoperative
plateletpheresis. This yielded an average of 270 ± 124 mL
of autologous packed red blood cells (PRBCs), 312 ± 48
mL of PRP, and 449 ± 67 mL of PPP for each patient. In
the PRP, the platelet count was 989 ± 173 × 103/mm3,
equivalent to 28% ± 8% of the circulating platelet mass
after calculation. All the autologous PRP and PPP were
reinfused after heparin reversal.

Intraoperatively, no significant differences were found
regarding duration of operation, CPB time, aortic cross-
clamp time, and lowest nasopharyngeal temperature among
the four groups. However, in group I, 4 patients received
homologous PRBC and 2 of them received homologous

Table 1. Preoperative demographic characteristics and laboratory values.

Group I
(Control)
n � 10

Group II
(APP + CS)

n � 20

Group III
(Aprotinin)

n � 22

Group IV
(APP + CS + Aprotinin)

n � 18

Age (yrs) 59 ± 9 59 ± 6 61 ± 7 62 ± 8
Gender (male and percentage) 9 (90%) 17 (85%) 19 (86%) 16 (89%)
Weight (kg) 75 ± 7 78 ± 17 72 ± 14 79 ± 13
No. Stenosed coronary vessels 3.0 ± 0.7 3.1 ± 0.5 2.9 ± 0.4 3.2 ± 0.5
LV ejection fraction 58 ± 9 57 ± 14 61 ± 13 60 ± 17
Diabetes mellitus 2 (20%) 5 (25%) 4 (18%) 4 (22%)
Hematocrit 40.2 ± 3.6 42.6 ± 5.5 40.5 ± 4.5 41.5 ± 6.5
Platelet (×1000/mm3) 241 ± 71 224 ± 52 209 ± 59 236 ± 63

Values are mean ± standard deviation or n (%).
There was no significant difference in the demographic characteristics and laboratory values among the four groups.
APP, acute preoperative plateletpheresis; CS, cell salvage; No., number; LV, left ventricular.

Table 2. Intraoperative details.

Group I
(Control)
n � 10

Group II
(APP + CS)

n � 20

Group III
(Aprotinin)

n � 22

Group IV
(APP + CS + Aprotinin)

n � 18

Duration of operation (min) 237 ± 28 253 ± 61 248 ± 52 224 ± 81
Pre-CPB fluid volume (mL) 1239 ± 218 2955 ± 484* 1083 ± 301 2792 ± 512*
CPB time (min) 105 ± 16 98 ± 18 104 ± 30 96 ± 23
Aortic cross-clamp time (min) 66 ± 11 65 ± 22 64 ± 15 61 ± 14
Lowest nasopharyngeal temp. (°C) 30.9 ± 0.8 31.2 ± 0.5 30.8 ± 0.6 31.1 ± 0.5
No. received homologous PRBCs 4 (40%) 0 (0%)* 0 (0%)* 0 (0%)*
No. received homologous FFP 2 (20%) 0 (0%)* 0 (0%)* 0 (0%)*

There was no significant difference in the duration of operation, CPB time, aortic cross-clamp time, and lowest nasopharyngeal temperature among
the four groups.
APP, acute preoperative plateletpheresis; CPB, cardiopulmonary bypass; Temp., temperature; PRBC, packed red blood cell; FFP, fresh-frozen plasma.
*Compared with group I, p < 0.05.
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FFP as well, while no patient in the other three groups
required any homologous blood products (Table 2).

Postoperative ICU data are provided in Table 3. Com-
pared with group I, the postoperative total cumulative
blood loss was significantly reduced in group II, group III,
and group IV, respectively. The requirements of packed
red blood cells also were reduced in the three approached
groups (Figures 1 and 2). In group I, six patients (6/10)
received homologous FFP and three patients (3/10) re-
ceived platelet transfusion, whereas no patients in the
other three groups required FFP and platelets.

DISCUSSION

The major causes of postoperative bleeding of cardio-
vascular surgery are the platelet dysfunction and deple-
tion, the lower plasma level of clotting factors, and the
activation of fibrinolysis (9). All of these are directly re-
lated to the nonphysiological change of cardiopulmonary
bypass, i.e., the activation of contact system and coagula-
tion cascade (10–14), direct and indirect activation of
platelets and leukocytes (15–19), and even the systemic
inflammatory response (20,21). Therefore, it is critical for

Table 3. Postoperative ICU data.

Group I
(Control)
n � 10

Group II
(APP + CS)

n � 20

Group III
(Aprotinin)

n � 22

Group IV
(APP + CS + Aprotinin)

n � 18

Hematocrit (%)
ICU admission 30.3 ± 1.8 31.5 ± 3.6 32.1 ± 4.2 32.4 ± 4.5
ICU discharge 32.1 ± 1.5 32.1 ± 3.3 35.1 ± 3.6 32.3 ± 2.7

Platelet count (×103/mm3)
ICU admission 105 ± 33 131 ± 27 118 ± 28 131 ± 23
ICU discharge 126 ± 42 151 ± 33 137 ± 32 164 ± 47

Total cumulative blood loss (mL) 896 ± 278 468 ± 136* 388 ± 122* 202 ± 81*†
Homologous PRBC transfused (mL) 343 ± 118 153 ± 63* 105 ± 178* 0 ± 0*†
No. received homologous PRBC 8 (80%) 4 (20%)* 5 (23%)* 0 (0%)*†
No. received homologous FFP 6 (60%) 0 (0%)* 0 (0%)* 0 (0%)*
No. received homologous platelet 3 (30%) 0 (0%)* 0 (0%)* 0 (0%)*

Note: There was no significant difference in hematocrit and platelet count.
APP, acute preoperative plateletpheresis; CS, cell salvage; No., number; ICU, intensive care unit; PRBC, packed red blood cell; FFP, fresh-frozen
plasma.
*Compared with Group I, p < 0.05.
†Compared with group II and group III, p < 0.05.

Figure 1. Postoperative blood
loss. APP, acute preoperative
plateletpheresis; CS, cell salvage.
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the improvement of hemostasis to find the optimal ap-
proach for preventing platelet and clotting factors activa-
tion and depletion, and inhibiting fibrinolysis.

As demonstrated by the previous studies, cardiopulmo-
nary bypass has a deleterious effect on platelets, with a
decrease on platelet number and agreeability, a decrease
in thrombin and fibrinogen binding sites on the platelet
surface, and a decrease in glycoproteins IIb/IIIa on the
platelet surface (22–24). Preoperative sequestration and
preservation of autologous RBCs, platelets, and plasma
with a tolerable volume replacement would have several
advantages: decreased loss of RBCs, platelets, and clotting
factors during bleeding; lower activation and depletion of
these portions of whole blood; and the ability to return
them to increase oxygen content and assist hemostasis af-
ter completion of cardiopulmonary bypass (3–5). In addi-
tion, the concomitant cell salvage technique would re-
trieve most surviving RBCs in the blood lost during the
course of surgery (2). The combination of plateletpheresis
and cell salvage performed with the same device would
decrease the cost to a reasonable level. In this study, APP
and CS resulted in significant lower blood loss and obvi-
ously reduced use of homologous PRBCs in group II pa-
tients. This finding is in agreement with the above men-
tioned trials.

In addition, a number of studies have demonstrated the
use of aprotinin could improve postoperative hemostasis
by inhibiting fibrinolysis and protecting platelets (25–29).
High doses of this serine proteinase inhibitor dose not
only inhibit fibrinolysis and some clotting factors but also
temporarily inhibit the activation of platelets during by-

pass and, therefore, allow the inhibited platelets to assist
clot formation after bypass. Again, results of the current
study showed a significant lower amount of blood loss and
requirement in the aprotinin treated patients (group III)
than those for control (group I).

Moreover, we noticed that in the current study, the pa-
tients in the combining treatment group (group IV), in which
preoperative plateletpheresis, cell salvage device, and
aprotinin were all used, had the best clinical outcomes on
postoperative hemostasis. In this group, the cumulative
amount of mediastinal chest tube drainage is surprisingly
low as 202 ± 81 mL, and therefore, no blood products were
required. This suggests an exciting prospect on surgical
hemostasis, and the realization of bloodless cardiovascular
surgery.

We wish to mention that in group II and group IV, in
which autologous blood was withdrawn and plateletpher-
esis was proceeded, patients received more fluid volume
than the other two groups (group I and group III) before
cardiopulmonary bypass, to maintain a stable hemody-
namic status. Although this is reasonable because of the
large volume replacement, we suggest careful operation of
blood withdrawal and strict observance of patient hemo-
dynamic monitoring.

In summary, in this prospective randomized clinical
study, both acute preoperative plateletpheresis concomi-
tant with cell salvage and aprotinin contributed to the
improvement of postoperative hemostasis. The combina-
tion of these two approaches could minimize blood loss
and transfusion requirement after cardiovascular surgery.

The authors also wish to emphasize that this is a pilot

Figure 2. Postoperative packed
red blood cell requirement. APP,
acute preoperative plateletphe-
resis; CS, cell salvage.
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study because the eight surgeons and nine anesthesiolo-
gists involved were not evenly assigned to each group. Our
findings may differ from some previous comparable trials.
However, the reasons for this cannot be clearly addressed
because of methodological difference. In consideration of
the variation among institutions and even surgical groups,
further larger sample trial should be done.
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