
B
lood loss is a frequent complication of
cardiac surgery and cardiopulmunary
bypass (CPB); this problem is particularly

severe when patients undergo reoperation.1 A
functional platelet defect is generally considered
the main cause affecting the hemostatic system,
although both coagulation and fibrinolysis were
found to be activated during CPB.2 The exact
mechanism(s) responsible for platelet dysfunc-
tion is still the object of debate. Several studies
have reported depletion of some functional
platelet membrane glycoproteins (GP),2-6 and it

has been suggested that this abnormality
derived from the proteolytic activity of plasmin.
In fact, this enzyme is able to modify platelet
membrane composition in vitro and to induce
both activation and inhibition of platelet func-
tion.7,8

Aprotinin, a nonspecific serine protease
inhibitor active against plasmin, has recently
been shown to decrease the blood loss associat-
ed with CPB when administered at high doses
intraoperatively.9 It is possible therefore that it
reduces bleeding through inhibition of plas-
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ABSTRACT
Background. Previous studies showed severe biochemical and functional damage to platelets in

patients undergoing cardiopulmonary bypass for cardiac surgery, and suggested that this derived
from the proteolytic action of plasmin on the platelet surface. 

Methods. A double-blind study was carried out to compare platelet function and composition in
patients randomized to receive the protease inhibitor aprotinin or placebo during reoperation for
valvular prosthesis replacement or coronary artery bypass grafting. 

Results. Flow cytometry with specific monoclonal antibodies and polyacrylamide gel elec-
trophoresis did not show any significant proteolysis of platelet glycoprotein Ib and IIb-IIIa either in
the placebo or the aprotinin group. Functional studies were consistent with these results, since ris-
tocetin-induced platelet agglutination was unchanged and platelet aggregation and ATP release
induced by collagen and ADP were only slightly reduced by cardiopulmonary bypass. These mild
defects in platelet function were partially prevented by aprotinin infusion. 

Conclusions. On the basis of our data and those from literature, we suggest that platelets may be
affected very little or severely damaged during cardiopulmonary bypass for cardiac surgery, proba-
bly depending on some aspects of the technical procedure which remain to be identified. Aprotinin
infusion significantly protects platelets in the latter condition, while its role is obviously slight in
the former.
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min-induced platelet damage. Several studies
were designed to test this hypothesis, but con-
flicting results were obtained.4,6,10 A placebo-
controlled, double-blind trial of aprotinin
administration during CPB for cardiac surgery
was set up to investigate this topic further. 

Surprisingly, our results showed that platelet
composition and function were affected very lit-
tle by CPB in both the placebo and the apro-
tinin group, and that there was therefore little
place for a protective effect of aprotinin on
platelets.

Materials and Methods

Patients
Twenty patients undergoing elective reopera-

tion for valve replacement or coronary artery
bypass grafting gave informed consent for entry
into this placebo-controlled, double-blind study
approved by the local Ethics Committee. Ten
patients (5 valve prosthesis replacements and 5
coronary bypass) received aprotinin and 10 (5
valve prosthesis replacements and 5 coronary
bypass) placebo. The two groups were similar
with respect to age, sex and preoperative cardiac
function.

All patients were operated on by the same
team of surgeons and anesthetists. The preoper-
ative antiaggregant/anticoagulant drug regimen
was stopped 10 days before the operation and
replaced with subcutaneous heparin in order to
prolong the activated partial thromboplastin
time up to 2-2.5 times normal values. Anesthesia
was always induced and maintained with the
same balanced technique (fentanyl, diazepam,
isoflurane and pancuronium), and myocardial
preservation was achieved with a crystalloid car-
dioplegic solution administered as a single bolus
of 10-15 mL/kg into the aortic root plus topical
hypothermia with slushed ice. CPB equipment
included a Gambro roller pump with mem-
brane oxygenator (Monolith, Sorin, Italy), arter-
ial line filter (ABF 40, Sorin, Italy) and cardioto-
my reservoir (CRF 28, Sorin, Italy). The circuit
was always primed with lactated Ringer’s solu-
tion plus 0.5 g/kg of 20% mannitol plus 40 g of
albumin, and CPB was conducted at a blood

flow of 2.4 L/min/m2 while maintaining moder-
ate systemic hypothermia (32°C nasopharyngeal
temperature). 

The mean duration of CPB was 105±21 and
125±16 minutes for the subjects in the placebo
and in the aprotinin group, respectively. Anti-
coagulation was achieved by administration of
300 IU/kg heparin before the start of CPB;
additional heparin was administered during the
procedure according to a fixed protocol: 100
IU/kg every 30 min for the entire duration of
CPB for both groups of patients. Heparin rever-
sal was achieved with protamine sulphate (1
mg/100 IU of heparin) after cessation of CPB.

The trial drug, aprotinin (Trasylol, kindly
supplied by Bayer, Italy), and placebo were pro-
vided in identical case packs; 2,000,000 KIU
aprotinin were given at the start of anesthesia,
followed by a constant infusion of 500,000 KIU
per hour. An additional 2,000,000 KIU were
added to the priming of the CPB. The perioper-
ative course was always devoid of complications
and blood products were never transfused.

Blood sampling and laboratory assays
Blood samples were obtained through a cen-

tral venous catheter at three different time
points: a) after induction of anesthesia, before
hypothermia and administration of heparin
and aprotinin (or placebo); b) during CPB at
the end of rewarming; c) after the neutraliza-
tion of heparin by protamine.

Blood was anticoagulated with 3.8% trisodi-
um citrate (9 parts of blood and one part of
anticoagulant) for platelet functional studies,
and with EDTA (10 mM, final concentration)
for flow cytometry and platelet electrophoresis;
samples for whole blood counting were collect-
ed into 10 mM EDTA and analyzed with a
Coulter S-Plus cell counter. 

Platelet rich (PRP) and platelet poor plasma
(PPP) were obtained by centrifuging the blood
at 200 g for 10 min and at 4,500 g for 20 min,
respectively, at room temperature. 

Platelet aggregation and ATP release were
studied in PRP (adjusted to 1503109 platelets/L
with PPP) in a Lumi aggregometer (Chronolog
Corporation, Havertown, PA), respectively, by
the method of Born11 and by the luciferase-
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luciferin method, as previously described.12

Collagen (Mascia Brunelli, Milan, Italy), ADP
and ristocetin (Sigma Chemical Co., St Louis,
MI) were the stimulating agents.

Monoclonal antibody (MoAb) binding to
platelets was studied by flow cytometry. Para-
formaldehyde was added to PRP (1% final con-
centration) and after 5 min incubation at room
temperature, platelets were washed and resus-
pended in phosphate buffer saline (PBS) con-
taining 3.0 mM EDTA and 5% bovine serum
albumin (BSA) (Sigma). Ten µL of the working
solutions of SZ1 (anti-GPIb/IX) and P2 (anti-
GPIIb-IIIa) (Immunotech SA, Luminy, France)
were added to 100 µL of the samples adjusted to
503109 platelets/L and incubated for 30 min at
room temperature. Platelets were then washed
and resuspended in 100 µL of PBS containing
0.3 mM EDTA and 5% BSA. One hundred µL of
fluorescein isothiocyanate-conjugated goat anti-
mouse IgG (Sigma Chemical Company, St.
Louis, MI, USA), at a dilution of 1/50, was
added. Following 30-min incubation at room
temperature in the dark, platelets were washed,
resuspended in 200 µL of PBS containing 0.3
mM EDTA and 0.1% BSA, and analyzed by a
FACStar flow cytometer (Becton-Dickinson
Immunocytometry System, Mountain View,
CA), with argon laser excitation at 4888 (100
mW operating output). Correlated dual para-

meter analysis of side scatter (log) and green flu-
orescence (log) was performed on about 10,000
platelets per sample. Mean platelet fluorescence
intensity in arbitrary units was taken into
account.

Platelet sodium dodecyl sulphate-polyacry-
lamide gel electrophoresis (SDS-PAGE) was car-
ried out according to Laemmli,13 as previously
described.12 High molecular weight standards
(Bio-Rad, Richmond, CA) were simultaneously
electrophoresed. Each sample contained 100 mg
of protein, as measured by the method of
Lowry.14 Gels were stained with PAS and Co-
omassie Blue, respectively, for glycoprotein and
molecular weight marker detection, and scanned
with a densitometer using a yellow-green filter.
On the glycoprotein profile, the platelet content
of GPIb and IIb-IIIa was expressed by the area
below the peak of each single glycoprotein that
was identified on the basis of the molecular
weight. Platelet glycoprotein content during and
after CPB was expressed as % of pre-CPB values.

The statistical significance of the differences
was determined by the Scheffè test.

Results
Table 1 summarizes the results of ex vivo

platelet studies in the placebo and aprotinin
groups. The values observed just before the end
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placebo aprotinin
CPB post-CPB CPB post-CPB

Platelet count
actual 59.7±10.2** 63.3±14.1** 69.2±11.4** 62.3±11.6**
corrected 91.8±17.2 85.4±17.2* 97.4±19.5 82.9±13.2**

Aggregation by
collagen (20 mg/mL) 76.8±11.3** 80.5±18.6** 91.1±15.4° 89.9±23.0
ADP (20 mM) 79.8±14.4* 65.7±21.4** 89.1±21.0* 79.3±15.9**
ristocetin (1 mg/mL) 82.1±24.9 103.1±23.9 90.7±49.0 86.5±29.7

ATP release by
collagen (20 mg/mL) 67.3±21.7* 68.8±25.7* 93.2±38.5° 104.1±36.0°
ADP (20 mM) 71.8±26.1* 65.8±20** 82.7±27.2 87.7±28.4

GP content
Ib 99.4±21.9 103.2±23.0 100.7±20.8 97.6±23.2
IIb-IIIa 101.1±8.1 93.7±11.7 103.2±13.3 101.2±15.8

MoAb binding
anti-GPIb 93.5±15.0 92.0±13.4 94.7±12.7 93.1±10.5
anti-GPIIb-IIIa 94.5±4.6 121.5±24.7* 90.7±11.9 116.0±8.9*

* p < 0.05;   ** p < 0.01  with respect to pre-CPB value
° p < 0.05;   °° p < 0.01  with respect to placebo

Table 1.   Effect of CPB on
platelet function and compo-
sition. Values (mean ± SD)
are expressed as % of pre-
CPB. 



of CPB and after heparin neutralization by pro-
tamine are expressed as % of the values
observed in the same patient before CPB.

The actual platelet count was greatly and sig-
nificantly reduced by CPB in both the placebo
and the aprotinin group; however, when
platelet counts were corrected for the hemodi-
lution caused by the priming solution and
intravenous infusions, a significant reduction
was observed only after heparin neutralization
by protamine at the end of CPB. Aprotinin
treatment did not show any significant protec-
tive effect on platelet counts.

Concerning in vitro platelet function, CPB
reduced both aggregation and ATP release
induced by collagen and ADP in the placebo
group, but the extent of reduction never exceed-
ed 35% of pre-CPB values. In the aprotinin
group, platelet aggregation and ATP release after
collagen stimulation were significantly better
than in placebo patients, while platelet response
to ADP was not significantly different. Risto-
cetin-induced platelet agglutination was un-
changed at all sampling times.

SDS-PAGE studies showed that the GPIb and
IIb-IIIa content of platelets was not modified by
CPB. Flow cytometry results demonstrated that
surface GP Ib was unchanged during and after
the surgical procedure; on the other hand, the
binding of a MoAb reacting with GPIIb-IIIa was
normal during CPB, but significantly increased
after the neutralization of heparin by prota-
mine. No significant differences between the
aprotinin and the placebo group were observed
with respect to SDS-PAGE and flow cytometry.

Discussion
Our study was designed to verify the hypothe-

sis that aprotinin infusion during CPB protects
the platelet surface from the proteolytic action
of plasmin and preserves platelet function. To
this end we randomized patients undergoing
elective open heart reoperation to receive intra-
operatively aprotinin or placebo, and we studied
platelet function and composition at different
times during the surgical procedure. 

Our results do not allow any conclusions
about the ability of aprotinin to preserve

platelet membrane GP since we did not observe
direct or indirect signs of membrane proteolysis
in either the placebo or the aprotinin group.
SDS-PAGE and flow cytometry with anti-GPIb
and anti-IIb-IIIa MoAbs showed that the total
content and surface expression of these glyco-
proteins were not reduced by the CPB proce-
dure; on the other hand, the only significant
modification we observed was an up-regulation
of surface GPIIb-IIIa after heparin neutraliza-
tion at the end of CPB. This phenomenon is
not surprising since thrombin formation occurs
after heparin neutralization,10,15,16 and it is well
known that thrombin activates platelets and
induces exposure of the a-granule GPIIb-IIIa
complex on the cell surface. Furthermore, the
small, but statistically significant, decrease of
the corrected platelet count after protamine
administration may be explained by thrombin
formation. 

The results of the functional studies are con-
sistent with the evidence that the GP content of
the platelet membrane was not reduced during
CPB. Ristocetin-induced platelet agglutination
was unchanged at all sampling times, suggesting
normal GPIb content, and collagen- or ADP-
induced platelet aggregation was only slightly
reduced, confirming that large-scale GPIIb-IIIa
proteolysis did not occur. The mild defects of
ATP release and platelet aggregation we
observed may be explained by the transient
platelet activation known to occur during CPB.2

Aprotinin infusion partially prevented this mild
platelet damage, thus suggesting that it inhibited
platelet activation.

Our results are at variance with the majority
of those reported in the literature. Many
authors,2 - 6 using different methodological
approaches, observed a significant CPB-depen-
dent decrease of GPIb (together with a reduction
of ristocetin-induced platelet agglutination)
and/or of the GPIIb-IIIa complex (together with
a large defect in platelet aggregation). Only
Kestin et al.17 concluded that CPB was not
responsible for an intrinsic platelet defect, since
they did not observe a loss of platelet surface
GPIb and GPIIb-IIIa or severe defects in platelet
reactivity in vitro. 

Since it is difficult to hypothesize that these
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inconsistencies derive from differences in ana-
lytical methods, we suggest that they might be
related to the technical variations in the opera-
tive procedures or the many uncontrolled vari-
ables associated with CPB, including anesthetic
or pharmacologic agents, the nature of the
priming solution, the degree of hypothermia,
the type of oxygenator, etc.

In conclusion, on the basis of our data and
those from literature we suggest that platelet
composition and function during CPB for
heart surgery may be well preserved or severely
damaged depending on some unknown techni-
cal aspects of the operative procedures; apro-
tinin infusion significantly protects platelets in
the latter condition, while it has a limited role
in the former. 
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