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Introduction

Cardiopulmonary bypass (CPB) is associated with common
activation of all four integral components of hemostasis, that is,
the endothelium, plasma proteins, platelets and fibrinolysis. The
causative factorsinclude the presence ofanartificial non-endothelial
surface of the CPB system, non-pulsatile blood flow, hemodilution,
hypothermia, surgical trauma and a systemic inflammatory
response to CPB. Microthrombi formation, coagulation defects
and hypercoagulability in the postoperative period may occur. The
key pathway of activation is platelet binding to collagen via von
Willebrand factor, platelet activation and aggregation and formation
of an initial hemostatic plug. Thrombin generation (tF+fVIla —fIXa
—fXa —prothrombin —»thrombin) activates platelets, fV, fVIII and
fXI. Fibrinogen and fXIII stabilize the clot. Fibrinogen bound to the
CPB circuit provides a strong binding site for platelets via the GP
IIb/I1la receptor. Bound platelets are activated, promoting further
thrombin formation via the PAR-1 receptor. Shed blood, if reinfused,
increases platelet activation. Plasmin erodes the clot and directly
activates platelet consumption [1-15].

The use of antifibrinolytics preserves platelet activation and
reduces platelet GPIb receptor cleavage [16]. Thrombocytopenia
during and after CPB is common but an isolated platelet count
below 50G/L is usually not associated with serious bleeding if no
other hemostasis disorders are present [17]. Platelet function is
slightly increased by mild hypothermia and decreased by severe
hypothermia. Some commonly used drugs other than heparin;

protamine and platelet inhibitors reduce platelet activation or
aggregation (NO donors such as nitrates or phosphodiesterase
inhibitors such as milrinone). In summary, platelets are one of
the most fragile components of hemostasis during CPB. Current
cell-salvage techniques are capable of preserving platelets by
autologous platelet-rich plasma (PRP) sequestration. The present
study tested platelet function during and after PRP sequestration
in cardiac surgery procedures using CPB. We hypothesized that
platelet count and aggregability would be preserved by the method.

Methods

Patients were enrolled after their written informed consent
and local ethics committee approval were obtained. The study
comprised patients scheduled for elective cardiac surgery with an
estimated CPB time of more than two hours (complex procedures
such as multiple valvular, combined, redo and thoracic aortic
surgery). The inclusion criterion was initial hematocrit >0.35 as
800ml of whole blood had to be collected and processed before
CPB. Excluded were patients with hematocrit <0.35, on active
antiplatelet agents or known to have hematological disorders. The
CPB method included the Capiox RX 25 membrane oxygenator with
rheoparin coating, Stockert S5 centrifugal pump, crystalloid/colloid
priming (Plasmalyte1000mL, HAES 6% 500mL, Mannitol 20%
200mL) and St. Thomas cold blood cardioplegia. Anticoagulation
was provided with unfractionated heparin (UFH) as follows: 3 mg/
kg i.v. bolus + 1mg/kg into the priming volume, a targeted activated
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coagulation time (ACT) (Hemochron, kaolinactivated) >400s, with
possible additional bolus doses of UFH. Heparin reversal after CPB
termination was accomplished with protamine sulphate at a 1:1
weight ratio to heparin.

Prophylactic administration of tranexamic acid 30mg/kg i.v.
bolus and 15mg/kg into CPB was mandatory. After induction of
general anesthesia, 800mL of whole blood was collected from a
large-bore (min. 8 Fr) central venous catheter and replaced with
an adequate volume of a balanced crystalloid solution. Blood
was processed in the Sorin Xtra cell saver (LivaNova, Italy). The
manufacturer’s protocol was used (175ml Latham bowl, 2-port
sequestration system, CPD-A bags for whole blood collection,
Vacutainer EDTA tubes, prime flow 100ml/min with manual
reduction to 70mL/min after complete filling, PRP spill flow 20 ml/
min). Red blood cell (RBC) and PRP sequestration was performed
simultaneously. PRP was stored at room temperature in the
operating theater under an anesthetist’s supervision and always
retransfused immediately after CPB before the end of surgery. RBCs
were retransfused in the theater if necessary or postoperatively
in the ICU according to hematocrit and the clinical situation. The
transfusion protocol was guided by the center’s experiences and
thromboelastography (TEG 5000, Haemonetics, USA); kaolin-
activated plain and heparinase cups were used for each test. Blood
samples were collected from an arterial line and processed in the
laboratory before surgery, from PRP, after PRP retransfusion and at
the end of surgery.

Blood Sampling

Blood was withdrawn from the antecubital vein using
a 21-gauge butterfly needle (0.8 x 19mm; Greiner Bio- One,
Kremsmiinster, Austria) 72hours after percutaneous intervention.
After the initial 3mL of blood had been discarded, to reduce
procedurally induced platelet activation, blood was drawn into
a 3.8% sodium citrate Vacuette tube (Greiner Bio-One; 9 parts of
whole blood, 1 part of sodium citrate 0.129M/L) for evaluations
by light transmission aggregometry, into a 3.2% sodium citrate
Vacuette tube (Greiner Bio-One; 9 parts of whole blood, 1 part of
sodium citrate 0.109M/L), and into a Vacuette tube containing
hirudin (15IU/ml) for determination by multiple electrode platelet
aggregometry. To avoid procedural deviations, all blood samples
were taken by the same team using the same method. The blood
samples were mixed adequately by gently inverting the tubes. To
avoid investigator-related variation of results, each of the different
tests was performed by just one single blind operator. The results of
all assays were available to all patients.

Light Transmission Aggregometry (LTA)

LTAwas performed on the APACT4004 aggregometer (LABiTec,
Ahrensburg, Germany). Citrate-anticoagulated whole blood was
centrifuged at 150 x g for 10minutes at room temperature to
obtain platelet-rich plasma (PRP). Platelet-poor plasma (PPP) was
obtained from the remaining specimen by re-centrifugation at
2,000 x g for10 minutes. Platelet counts were not adjusted with a
median platelet count of 250 x 1012 /L (range 225 - 278 x 1012/L).
The baseline optical density was set with PPP. Aggregation was
performed using kollagen (final conc. 5ug/mL),ADP (final conc.
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5uM), ristocetin (final conc. 1 mg/mL)and epinephrine (final conc.
um) (Helena Biosciences, United Kingdom) at a final concentration
of 10. Optical density changes were recorded photoelectrically for
6 minutes as platelets began to aggregate. The maximal aggregation
response was registered and used to differentiate between patients
with and without residual ADP-inducible platelet aggregation.

Results

Enrolled in the study were 18 patients for a PRP sequestration
group and 12 controls. The demography of both groups was
similar (Table 1). There were no differences in major postoperative
complications (Table 2) frequency of transfusion therapy (Table 3)
CPB parameters, the only exception being a slightly longer maximum
ACT on CPB in the PRP group which is clinically insignificant (Table
4) perioperative laboratory parameters (Table 5) and patients’
clinical outcome (Tables 6-8).

Table 1: Demography.

Control Sequestration p
Nr. % Nr. %
Male gender 12 80,0% 18 94,7% 0,299
ASA 5 35,7% 3 16,7% 0,252
CLOP/TIC 2 14,3% 1 5,6% 0,568
LMWH 8 57,1% 4 22,2% 0,068
reexploration 2 14,3% 3 16,7% 1
death 0 0,0% 1 5,9% 1
aortic surgery 6 42,9% 11 61,1% 0,476
redo surgery 2 14,3% 4 22,2% 0,672
Table 2: Postoperative complications.
Control Sequestration
Nr. % Nr. % P
Male gender 12 80,0% 18 94,7% 0,299
ASA 5 357% 3 16,7% 0,252
CLOP/TIC 2 14,3% 1 5,6% 0,568
LMWH 8 57,1% 4 22,2% 0,068
reexploration 2 14,3% 3 16,7% 1
death 0 0,0% 1 5,9% 1
Si’l‘i;tei:y 6 42,9% 11 61,1% | 0476
redo surgery 2 14,3% 4 22,2% 0,672
Table 3: Transfusion therapy.
Control Sequestration P
Nr. % Nr. %
Male gender 12 80,0% 18 94,7% 0,299
ASA 5 35,7% 3 16,7% 0,252
CLOP/TIC 2 14,3% 1 5,6% 0,568
LMWH 8 57,1% 4 22,2% 0,068
reexploration 2 14,3% 3 16,7% 1
death 0 0,0% 1 5,9% 1
Siﬁgjrcy 6 42,9% 11 61,1% | 0476
redo surgery 2 14,3% 4 22,2% 0,672
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Table 4: Parameters of CPB.

Control Sequestrtaion
Mean SD Median Mean SD Median P
ACTstart (s) 135,8 16,6 133,5 131,3 14,4 133,5 0,423
ACTmax (s) 504,0 80,4 480,0 587,8 104,9 614,0 0,019
ACTend (s) 131,8 16,4 128,0 125,1 12,7 128,0 0,274
heparin (mg) 357,9 57,5 330,0 383,9 70,1 375,0 0,270
protamin (mg) 395,0 54,5 375,0 413,9 56,4 400,0 0,262
TT min (°C) 32,8 2,7 34,2 33,8 1,1 339 0,909
TT end (°C) 36,6 0,5 36,9 36,7 0,3 36,9 0,743
pb;:i(;ill(";?) 564,3 253,0 500,0 605,6 3369 500,0 0,705
bloo‘irllfls)s 24h 652,1 468,8 510,0 711,7 382,0 530,0 0,425
Euroscore (%) 3,62 2,05 2,96 3,37 2,84 2,00 0,077
Table 5: Laboratory.
Control Sequestrtaion p
Mean SD Median Mean SD Median
ACTstart (s) 135,8 16,6 133,5 131,3 14,4 133,5 0,423
ACTmax (s) 504,0 80,4 480,0 587,8 104,9 614,0 0,019
ACTend (s) 131,8 16,4 128,0 125,1 12,7 128,0 0,274
heparin (mg) 357,9 57,5 330,0 383,9 70,1 375,0 0,270
protamin (mg) 395,0 54,5 375,0 413,9 56,4 400,0 0,262
TT min (°C) 32,8 2,7 34,2 33,8 1,1 33,9 0,909
TT end (°C) 36,6 0,5 36,9 36,7 0,3 36,9 0,743
pb;;’i‘(’)‘;.l("nﬁ) 564,3 253,0 500,0 605,6 3369 500,0 0,705
b]("’d(rll‘l’ls)s 24h 652,1 4688 510,0 711,7 382,0 530,0 0,425
Euroscore (%) 3,62 2,05 2,96 3,37 2,84 2,00 0,077
Table 6: Outcome.
Control Sequestration
Mean SD Median Mean SD Median P
ICULOS (day) 3,7 0,9 35 7,1 8,5 4,0 0,165
HLOS (day) 12,9 4,6 10,5 14,6 10,8 11,5 1
Age (years) 68,3 6,8 67,0 64,2 10,0 67,0 0,329
Table 7: Agregation of platelet before surgery (1).
Controls/patient
Controls Patients Manl}l ;Z\glt)i;ney
Median Minimum Maximum Median Minimum Maximum
COL1 43,0 2,0 99,0 53 1,0 28,0 0,0005
ADP 1 79,0 21,0 98,0 4,0 1,0 86,0 <0,0001
RISTO 1 95,0 70,0 99,0 99,0 72,0 100,0 0,010
EPI1 37,0 7,0 99,0 5,0 1,0 94,0 <0,0001
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Table 8A: Aggregation of platelet after the end of the surgical procedure (2).

Controls/patient
Controls Patients Mann-Whitney
Utestp
Median Minimum Maximum Median Minimum Maximum
COL 2 43,0 2,0 99,0 53 1,0 28,0 0,0005
ADP 2 79,0 21,0 98,0 4,0 1,0 86,0 <0,0001
RISTO 2 95,0 70,0 99,0 99,0 72,0 100,0 0,010
EPI 2 37,0 7,0 99,0 5,0 1,0 94,0 <0,0001
Table 8B: Aggregation of platelet after retransfusion of platelet (3).
Controls/patient
Controls Patients Mann-Whitney
U testp
COL3 Median Minimum Maximum Median Minimum Maximum
ADP 3 90,0 26,0 99,0 27,0 4,3 91,0 0,0002
RISTO 3 97,0 71,0 99,0 77,0 40,0 100,0 0,049
EPI 3 98,0 85,0 99,0 91,5 51,0 100,0 0,203
COL3 91,0 30,0 99,0 26,0 8,0 94,0 0,0001
Discussion Conclusion

There is little evidence about platelet preservation using PRP
sequestration perioperatively. A recent study from the Texas Heart
Institute compared a standard protocol with the use of PRP during
aortic arch repair [18]. Early mortality, stroke and respiratory
complications were similar between the groups. Only acute renal
failure was reduced in the PRP group (7% vs 0%;p < 0.014). The
mean transfusion rate of packed red blood cells was reduced by
34%, fresh frozen plasma by 52.8%, cryoprecipitate by 70% and
platelets by 56.7% in the PRP group (p < 0.02). Hospital length of
stay (9.4 * 5.3 days vs 12.7 + 6.3 days; p < 0.014) and transfusion
costs ($1,396 + $1,755 vs $2,762 + $2,267; p < 0.004) were reduced
in the PRP group. Unfortunately, no clinical impact on outcome and
transfusion rate was observed in the present study.

We are fully aware of the fact that the present study is only
preliminary, including a small number of patients and reporting
our first experience with PRP sequestration. To the best of our
knowledge, this was the first study focusing on platelet aggregation
in this setting; however, the results are controversial. The technique
of PRP sequestration probably did not considerably harm platelets
because ristocetin-mediated aggregation was preserved, reaching
about 90% of baseline levels. After stimulation of thromboxane
A2 (TXA2) and ADP receptors, however, aggregation was rather
decreased. This cannot be explained by the effect of antiplatelet
therapy since most patients scheduled for valvular surgery received
no antiplatelet agents and if yes, it was withdrawn according to the
ESA/ESC guidelines. Retransfusion of PRP was associated with
mildly increased aggregation after TXA2 receptor stimulation. Even
hematologists in our group could not explain the phenomenon of
selective preservation of ristocetinmediated platelet aggregation.
Further tests of both morphological and functional integrity of
platelets will be needed to determine their potential damage.

Biomedical Journal of
Scientific & Technical Research (BJSTR)

PRP sequestration may be a safe and useful method in complex
cardiac surgery. It preserves platelet count and ristocetin-mediated
platelet aggregation and partly restores aggregation mediated by
other activators after CPB. Additional future randomized controlled
trials may confirm these pilot results.
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