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Preoperative
plateletpheresis does
not reduce blood loss
during cardiac surgery

S.K. Boey, mBBs M MED, B.C. Ong MBBS M MED,
S.S. Dhara MBBS FFARCSI DA

Acute preoperative plateletpheresis has been reported to be ef-
Sective in reducing blood loss and blood component transfusion
while improving haematological profiles in patients undergoing
open-heart surgery. However, in these studies, the concomitant
use of cell saver techniques may have been responsible for the
beneficial effects because they remove free haemoglobin and
activated procoagulants and, therefore, could mask the dele-
terious effects of combined plateletpheresis and cardiopulmo-
nary bypass (CPB). In the present study, 40 patients undergoing
primary myocardial revascularization were randomly divided
into two groups: a control group without plateletpheresis per-
Jormed, and a second group in which preoperative platelet-rich
plasma 10 ml- kg=' (PRP group) was collected and later rein-
fused after reversal of heparin. Standardized surgery, anaesthe-
sia and CPB without concomitant cell saver techniques were
employed. In the PRP group, blood transfusion was reduced
(1.5 & 1.3 vs 2.4 £ 1.3 units, P < 0.05) but this was accom-
panied by lower postoperative haemoglobin concentrations.
There were no differences in blood loss (992.6 L+ 3274 vs 8896
+ 343.7 ml), fresh frozen plasma (2/19 vs 3/20 patients) or
Dlatelet requirements (1/19 vs 1/20 patients). Reinfusion of au-
tologous PRP did not improve platelet count and function, nor
tests of coagulation. Fibrinogen concentrations were lower in
the PRP group on the operative day (P < 0.05), suggesting
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increased fibrinogen consumption; and more patients in the
PRP group had low haptoglobin levels during CPB (8/19 vs
0/20 patients, P < 0.005), which indicated greater haemolysis
in this group. We conclude that acute preoperative plateletphere-
sis offers no advantage in haemostasis during elective primary
myocardial revascularization surgery.

La thrombocytaphérése aigué préopératoire a été réputée pour
réduire les pertes sanguines et al transfusion de composés san-
guins tout en améliorant le profil hématologique des patients
opérés a coeur ouvert. Cependant, dans les études a ce sujet,
Lutilisation simultanée de techniques de « cell saver » peut avoir
été responsable des effets bénéfiques parce que ces techniques
enlévent Ihémoglobine libre et les procoagulants activés et peu-
vent ainsi masquer les effets néfastes dus a la combinaison de
la thrombocytaphérése et de la circulation extracorporelle
(CEC). Dand l'étude actuelle, 40 patients subissant une pre-
miére revascularisation myocardique ont été aléatoirement
répartis en deux groupes: un groupe contréle sans réalisation
de thrombocytaphérése et un second groupe dans lequel on
a prélevé en préopératoire 10 mi- kg~' de plasma riche en pla-
quettes (groupe PRP) retransfusé plus tard aprés la neutrali-
sation de Uhéparine. La chirurgie, lanesthésie et la CEC ont
é1é standardisées et il ny a pas eu de techniques simultanées
de cell saver. Dans le groupe PRP, les transfusions sanguines
ont été réduites (1,5 £ 1,3 versus 2,4 * 1,3 unité, P < 0,05)
mais les concentrations dhémoglobine post-opératoire ont é1é
plus basses. Il n'y a pas eu de différence en perte sanguine
(992,6 = 327,4 versus 889,6 = 343,7 ml), et en besoin de plasma
frais congelé (2]19 versus 3/20 patients) ou de plaqueues (1/
19 versus 1/20 patients). La retransfusion de PRP autologue
n'a pas amélioré le nombre et la fonction plaquettaire, ni les
tests de coagulation. Les concentrations de fibrinogéne ont été
inférieures dans le groupe PRP le jour de lintervention (P <
0.05) suggérant une augmentation de la consommation de fi-
brinogéne et plus de patients dans le groupe PRP ont eu des
niveaux bas dhaptoglobine pendant la CEC (8/19 versus 0/
20 patients, P < 0,005) ce qui indique une plus grande hémolyse
dans ce groupe. Nous concluons que la thrombocytaphérése
aigué préopératoire noffre pas d'avantage pour lhémostase pen-
dant une chirurgie programmée de premiére revascularisation
myocardique.
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Postcardiopulmonary bypass (PostCPB) bleeding contin-
ues to be a major source of morbidity and mortality in
patients undergoing open-heart surgery. To reduce this
complication, as well as the associated blood product
transfusion, several methods have been recently intro-
duced.!-® Lately, acute preoperative plateletpheresis ob-
taining autologous platelet-rich plasma (PRP) has been
reported by a number of authors™'? to result in reduced
blood loss and blood requirements, as well as improved
platelet counts and coagulation parameters in patients
undergoing cardiac surgery. The PRP provided “fresh”
platelets and coagulation factors, and augmented the
blood conservation of cell saver techniques (which remove
platelets and coagulation factors). However, both plate-
letpheresis and CPB are extracorporeal mechanical pro-
cesses, and trauma to blood elements during CPB may
be increased when plateletpheresis preceeds CPB, with
a resultant increase in circulating procoagulants. '*-*> Use
of the cell saver in these studies, by removing the activated
procoagulants,®3 could thus complement plateletpheresis
and CPB. Therefore, it was the aim of this study to ex-
plore the efficacy of acute preoperative plateletpheresis
in reducing blood loss and requirements, as well as its
effects on various haematological variables, in patients
undergoing coronary artery bypass grafting (CABG) with
CPB, but without concomitant use of cell saver tech-
niques.

Methods

This was a randomised, prospective, concurrently con-
trolled clinical trial with approval obtained from the In-
stitutional Ethics Committee and written informed con-
sent from patients. Forty consecutive patients scheduled
for elective CABG by the same surgeon were randomized
into two groups. One group had plateletpheresis per-
formed immediately before surgery (PRP group), while
the second acted as a control group and did not undergo
plateletpheresis (C group). Exclusion criteria included pa-
tients with known preoperative coagulation disorders,
concomitant valvular heart disease or surgery, emergency
surgery, and patients with previous cardiac surgery. Pa-
tients with a history of ingestion of drugs known to affect
platelet function, such as dipyridamole within three days
or aspirin within seven days'® of surgery, were also ex-
cluded from the study.

Standard anaesthetic techniques were employed. Pre-
anaesthetic medication consisted of morphine 5-10 mg
and scopolamine 0.3-0.4 mg. On arrival in the operating
room, all patients had continuous ECG and pulse ox-
imetry monitoring. Subsequently, radial arterial, central
venous and large bore (14G) peripheral venous cannulae
were inserted under local anaesthesia. With close mon-
itoring and provision of oxygen (O,)-enriched air by face
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mask, plateletpheresis was then initiated in the PRP
group, and completed before the induction of anaesthesia.
General anaesthesia was induced with fentanyl 0.3-0.5
mg and thiopentone 75-100 mg #v, while tracheal intu-
bation was facilitated with succinylcholine 75-100 mg.
Anaesthesia was then maintained with isoflurane and
N,O 50% in O,, together with supplemental doses of pan-
curonium, morphine and diazepam. The lungs of all pa-
tients were mechanically ventilated until the morning after
surgery.

Platelet-rich plasma was obtained using the Haemo-
netics® Ultralite® system, a counterpart of the Haemo-
netics® Plasma Collection System (Haemonetics Corpor-
ation, Braintree, Massachusetts, USA). This automated
system consists of two pumps (one for blood retrieval
and retransfusion, and another for the addition of anti-
coagulant to the removed blood), a centrifuge system,
and a weighing device to measure the amount of PRP
collected. Plateletpheresis was performed according to the
manufacturer’s instructions including the use of Acid Cit-
rate Dextrose Formula A (ACD-A) as the anticoagulant.
Essentially it employs a “one-arm” technique, whereby
asingle 14G cannula inserted into the femoral vein served
as a portal for both blood retrieval and reinfusion. As
blood was withdrawn, ACD-A was added immediately
to the removed blood in a ratio of 1:8. The anticoagulated
blood was collected into the centrifuge bowl at mean flow
rates of 70 ml- min—' and centrifuged at 3500 to 3800
rpm, separating the removed blood into red blood cells
and PRP. The latter was collected into the collection pack
provided, and at the end of each cycle, residual red blood
cells were reinfused to the patient. Each cycle took 15-20
min and was repeated until 10 ml PRP-kg~! of the pa-
tient was obtained. At the end of the procedure, residual
blood from the centrifuge bowl and tubings was returned
to the patient while the PRP was stored at room tem-
perature. Appropriate volumes of lactated Ringer’s or
plasma solution were infused during the procedure to
maintain the patient’s haemodynamic status.

All patients were operated upon by the same surgeon
using similar surgical techniques. Myocardial revascular-
ization was accomplished with internal mammary artery
and/or autologous saphenous vein grafts. After systemic
anticoagulation with heparin 300 IU - kg~!, CPB was per-
formed using standard equipment and operational proce-
dures. This included the use of nonpulsatile roller pumps,
membrane oxygenators, cardiotomy reservoir systems,
and non-albumin priming solutions. One litre of buffered
blood cardioplegia at 4°C was given initially after the
aorta was cross-clamped followed by 200-300 ml every
subsequent 20-30 min of CPB. Moderate systemic hy-
pothermia was used (range 25-30°C) and flow rates were
adjusted accordingly (1.6-2.0 L-min—'-m=2 at 25°C
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and 2.4 L-min—'-m~2? at 37°C). During CPB, supple-
mental boluses of heparin 2500-5000 IU were admin-
istered to maintain the activated clotting time (ACT)
greater than 400 sec. To maintain the volume of the ex-
tracorporeal circuit, lactated Ringer’s was added. How-
ever, blood (RBC) was used if haemoglobin (Hb) con-
centration was <7 g-dl~! or haematocrit (Hct) <219%.
All patients were rewarmed to rectal temperatures >34°C
before discontinuation of CPB, when heparin was neu-
tralized with protamine sulfate 3 mg-kg~!, with addi-
tional boluses given as necessary using the ACT as a
guide. The preoperatively obtained PRP was reinfused
only after adequate haemostasis and the return of all re-
sidual oxygenator perfusate, and was completed before
the end of surgery. Thus, postoperative assessment of
blood loss and requirements was performed by staff
“blinded” to the patient groups.

In the postoperative period, guidelines were advocated
for the type of fluids to be given to all patients. Lactated
Ringer’s or plasma solution was administered to maintain
the haemodynamic state of the patients. However, patients
with symptomatic anaemia, Hb <10 g-dl-' or Het
<30% were transfused with RBC. In the presence of
clinical bleeding, fresh frozen plasma (FFP) was given
if the prothrombin time (PT) or activated partial throm-
boplastin time (PTT) was prolonged >120% of control;
alternatively, platelets were administered if the platelet
count was <100 X 10°- L-".

Measurements of blood loss (from weighed swabs and
chest-tube drainage) and blood product requirements
were commenced immediately after heparin antagonism
and were continued for the first 24 hr after surgery. Serial
blood samples were processed for Hb, Hct and platelet
count; PT, PTT and ACT; fibrinogen (using Clauss clot-
ting assay); serum haptoglobin, a sensitive indicator of
haemolysis, using ICS Analyser II® (Beckman Instru-
ments, Brea, California, USA); and arterial blood gas
analysis from which the ratio of arterial O, tension to
fractional inspired O, concentration (PaQ,/FI10,, P/F)
was calculated. To study platelet function, Duke’s skin
bleeding time (BT)!* was chosen as it allowed BT de-
termination intraoperatively, since both patient’s arms
were inaccessible during surgery. Standardized technical
details " included gentle ear traction while avoiding rub-
bing, squeezing or the application of pressure on the ear
lobe. Sampling times were as follows: (1) within three
days of operation (baseline); (2) 10~15 min after removal
of PRP; (3) 30 min into CPB; (4) 5 min after termination
of CPB and protamine antagonism of heparin; (5) at
the end of operation, after reinfusion of PRP to patients
in the PRP group; (6) 4-5 hr after surgery; and (7) on
the first postoperative morning.
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TABLE I Demographic, surgical and CPB data

Cn=20) PRP(n=19)
Age (yr) 634 £ 84 59.1+91
Height (cm) 161.3 £ 6.2 165.2 £ 10.1
Weight (kg) 632103 662+ 11.2
Body Surface Area (m?) 1.7+£02 1.7+£02
Sex (M/F) 14/6 17/2
IMA (Y/N) 11/9 15/4
Grafts (per patient) 27113 27%12
CPB time (min) 764 £ 163 733 +209
AXC time (min) 458 + 13.8 408 £ 14.2
Surgical time (min) 175.2 + 286 1717 £ 385
Cardioplegia volume (1) 14103 14+03
Min, temp. (°C) 279t 14 286113
Int. time (min) 1288 + 306 1167 + 228
PRP Plt (X 10°- L") 3104 £ 98.9

Values are mean + SD.

C = control group; PRP = plateletpheresis group; n = no. of patients;
IMA = internal mammary artery; CPB = cardiopulmonary bypass;
AXC = aortic cross-clamp; Min. temp = minimum temperature on
CPB; Int. time = duration of tracheal intubation during perioperative
period; PRP Plt = platelet count in PRP.

Statistical analysis

Demographic, surgical and CPB characteristics, as well
as blood loss and blood product transfusions were an-
alysed using Student’s t, Wilcoxon Rank Sum and Chi-
square tests where applicable. Baseline haematological
values between groups were compared using the unpaired
Student’s t test and values before and after removal of
PRP were analysed using the paired Student’s t test. Hae-
matological variables at different times of the study were
analysed by two-factor analysis of variance with repeated
measures over time to assess differences due to time of
sampling in the perioperative period and the effect of
PRP on patients. Multivariate test statistics were gen-
erated. Cochran-Mantel-Haenszel statistical analysis
(based on table scores) followed by the Chi-square test
was used for categorical analysis of haptoglobin levels.
All analyses utilised SAS® software (SAS Institute Inc.,
Cary, NC, USA) and P < 0.05 was considered statis-
tically significant.

Results
There was no mortality during the study period. One
patient in the PRP group was excluded from the study
because of excessive postoperative surgical bleeding re-
quiring early reoperation. Demographic, surgical and
CPB characteristics as well as preoperative haematolog-
ical variables were comparable between the two groups
(Tables I and II).

There were no differences in blood loss during the in-
traoperative, 1st and 2nd 12-hr postoperative periods, nor
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TABLE II  Perioperative haematological variables
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Sampling times

Haemotological test Group ! 2 3 4 5 6 7

Hb C 131+13 - 78 +12 84112 99+ 15 113+ 14t 105+ 1.8
12-18 (g-dI") PRP 13815 139+ 18 8.1+ 10 91+13 99+19 106+ 12 103 £ 1.1
Pit C 2613+777 - 131.6 £ 51.8 1356 455 1889 +61.6 2340666 17801778
140-440 (X 10°- L-Y) PRP 23791612 186.71+48.2% 11141324 1171+354 17561587 2225+44.1 1750 +£353
BT C 2010 £ 639 - 999.7 £ 507.7 2745+ 712 22651740 18051427 17551 38.0
180-300 (sec) PRP 1713 £ 43.1 17451596 799.71+4722 3079 + 1508 2258 +76.1 1871 £675 181.6 % 51.0
PT C 126108 - - 178126 152+20 142417 142+ 12
11-14 (sec) PRP 12507 135107 - 18.1+20 154116 145+ 1.7 13.7+09
PTT C 254+35 - - 436 +59t 3241+63 274+24 250126
20-38 (sec) PRP 253+23 248+%16 - B8 L 78 3.1 44 2721+53 245%21
ACT C 1364 £ 163 - 5126 £ 114.6 141.7 £ 1561 142.1 £ 18.3 140.0 £18.6 127.3 + 14.0
<150 (sec) PRP 1227+ 182 1262+ 152 5504 +846 14941215 13571164 1360 158 1269 % 14.1
Fib C 100 £37 - 6.3 +2.3% 6.4 + 2.6} 80x34t 9134t 119129
5.3-14.1 (mol - L™ PRP 124145 99 + 3.9* 54133 56132 8.11+42 99 +39 127 +27
P/F C 4543+ 592 - 390.5+82.0 411211004 2700 £99.9 3624 +82.7 3443 1812
400-500 (mmHg) PRP 4597 £90.6 3949 1 1073 3948 £895 3612t 1114 2706 +93.7 3599 +92.7 3678 £ 78.6

Values are mean + SD.

C = control group; PRP = plateletpheresis group; Hb = haemoglobin; Plt = platelet count; BT = bleeding time; PT = prothrombin time; PTT =
activated partial thromboplastin time; ACT = activated clotting time; Fib = fibrinogen; P/F = PaO,/F10, ratio.

Sampling times: 1 = baseline; 2 = 10-15 min after removal of PRP; 3 = 30 min into CPB; 4 = 5 min after heparin antagonism; 5 = end of

operation; 6 = 4-5 hr after surgery; 7 = first postoperative morning,
* P < 0.05 sampling time 2 vs baseline.
tP<005PRPvsC. .

in total blood loss (Table III). The RBC requirements
were higher in the control than PRP group (P < 0.05),
although the number of patients requiring FFP and pla-
telet transfusions were similar (Table III).

The haematological variables in the perioperative pe-
riod were analysed (Table II and Figure). Removal of
platelets and plasma resulted in similar mean percentage
decreases in platelets, fibrinogen and haptoglobin (20.7%,
18.7% and 14.2% respectively, data not shown). It had
no effect on Hb, PaO,/F10,, PTT, ACT or BT, but there
was a small increase in PT (P < 0.05). Haemoglobin
concentrations were similar in both groups throughout
the study period except at five hours after the operation
when it was higher in the control group (P < 0.05). The
platelet count, BT and PT were comparable between the
two groups with minor differences in PTT and ACT im-
mediately after CPB (P < 0.05). However, reinfusion of

PRP did not improve these haemostatic variables, which .

remained comparable between both groups until the
morning after operation. On the other hand, there were

TABLE Il  Perioperative blood loss and blood product requirements

C(n=20) PRP(n=19)
Blood loss (ml)
Intraoperative 254111220 284211745
Ist 12 hr postoperative 4205 £ 2614 4879 % 181.6
2nd 12 hr postoperative 2150 £ 1385 2205+ 123.1
Total (up to 24 hr postoperative) 889.6 + 343.7 992.6 + 3274
Blood product requirements
RBC (units) 24t 13 L5 £ 1.3*
FFP (patients transfused) 3 2
Platelets (patients transfused) 1 1

Values are mean + SD.

C = control group; PRP = plateletpheresis group; n = no. of patients;
RBC = red blood cell transfusion; FFP = fresh frozen plasma

transfusion.
*P<0.05PRP vs C.

greater decreases in fibrinogen concentrations in PRP pa-
tients on the operative day (P < 0.05, Table II), and
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FIGURE Categorical analysis of patients with haptoglobin levels less
than 0.3 g- L™%. C = control group; PRP = plateletpheresis group.
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more patients in the PRP group had low haptoglobin
concentrations of <0.3 g-L~' during CPB (P < 0.005,
Figure). By the next morning, however, both these var-
iables were also comparable in the two groups.

Complications of the plateletpheresis procedure were
minimal. The haemodynamic status of the patients was
adequately maintained throughout the procedure. There
were minimal effects of plateletpheresis on pulmonary
function as assessed by the duration of tracheal intubation
and the Pa0,/ F10; (P/F) ratio (Tables 1 and II).

Discussion
Postcardiopulmonary bypass bleeding is still a major
complication in patients undergoing cardiac surgery, with
the consequent enormous demands placed on blood
banks with limited transfusion resources. '* Recommend-
ations to decrease blood loss and/ or requirements in these
patients are numerous''? and include the use of des-
mopressin, aprotinin and acute preoperative platelet-
pheresis. The last, when used in conjunction with cell
~saver techniques, has been shown recently not only to
be safe and efficacious in reducing blood loss and/or
blood product requirements, but also to improve hae-
matological variables,”"'? These advantages have been at-
tributed to the minimal blood damage caused by the
procedure, the reduced platelet and other blood factor
activation during CPB, and the retransfusion of “fresh,”
viable autologous platelets and fully active coagulation
factors (particularly Factors I, V, VIII) after the termi-
nation of CPB.
In this study of patients undergoing only primary
CABG surgery, both groups of patients were comparable
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with respect to factors that may affect blood loss and
requirements, »'%% namely age, sex, weight, body surface
area, preoperative haematocrit, CPB time and temper-
ature. The reoperation rate was 2.5% with first 24 hr
blood loss averaging 939.8 ml for the 39 patients studied,
both values being comparable with many centres,'>%2!
The volume of PRP removed (10 ml - kg~') and the re-
sultant platelet count in the PRP (310 & 99 X 10°- L")
was also similar to previous studies.’ ' However, in con-
trast to these studies, we could not demonstrate improve-
ments in blood loss, FFP and platelet requirements, pla-
telet count and function, nor coagulation tests when
compared with patients in the control group (Tables 11
and III). Red blood cell transfusions were higher in the con-
trol patients, but these were accompanied by correspond-
ingly higher five-hour postoperative Hb concentrations.
This may be explained by the varying transfusion practices
in the postoperative period, since the subjective assess-
ment of the patients’ clinical condition and the unavail-
ability of immediate Hb and Hct evaluations may
have led to deviations from the suggested protocol guidelines.

In the present study, there are a number of reasons
for failure of the autologously obtained PRP to decrease
blood loss and improve postPRP-transfusion haemato-
logical profiles (Tables II and III). The use of ACD as
the anticoagulant for storage of PRP may be a factor,
since PRP-platelet membranes could be damaged by the
presence of citrate.” The centrifugation procedure could
be another contributing factor as Anderson et al.2> dem-
onstrated the release of a-granule contents (with possible
impaired haemostatic function) from platelets derived
from centrifugation devices, including the Haemonetics
PCS system. The third and most important factor, we
believe, is that the initial plateletpheresis traumatized the
blood components and the subsequent CPB accentuated
these effects, similar to CPB potentiating the platelet func-
tional defects of preoperative aspirin ingestion. '

The initial plateletpheresis procedure did not result in
significant haemolysis. However, the red blood cells re-
turned to the patient could be more fragile than normal
such that during CPB (with its known haemolytic effects)
a considerable increase in haemolysis occurred. This was
evidenced by the larger number of patients in the PRP
group having lower serum haptoglobin concentrations
during CPB than in control group patients (Figure). A
similar, though smaller, effect is also postulated on the
obligatory small number of platelets returned to the cir-
culation with the red blood cells during plateletpheresis.
Some products of red blood cell haemolysis (erythro-
cytin'®) and platelet a-granule release or lysis (platelet
factor 3'4) are thromboplastins, '*-'° thus possibly creating
a hypercoagulable state during CPB in PRP patients,
Adequate systemic heparinization during CPB (time 3
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in Table 11)? inhibited this limited intravascular coag-
ulation from manifestation, 2" while heparin antagonism
with protamine allowed progression of this hypercoag-
ulable state, with increased consumption of platelets, clot-
ting factors and fibrinogen in PRP patients. However,
this was compensated for by the reinfusion of the
autologously-obtained PRP at this time. Thus no dif-
ferences in the studied haemostatic variables were found
between the two groups, except for fibrinogen which re-
mained lower in PRP patients postoperatively. The lim-
ited nature of this consumptive coagulopathy is evident
as most haematological variables were either comparable
between both groups, or had reached baseline levels, by
the next morning (Table II and Figure). As such, blood
loss did not differ between the two groups (Table IIT).

The previously mentioned studies on plateletphere-
sis’"1? all used cell saver techniques which not only re-
move up to 90% of platelets and coagulation factors but
also activated complement, soluble and particulate pro-
coagulants, red blood cell stroma and serum Hb.3® It
has been suggested that removal of thromboplastic sub-
stances decreases the haemorrhagic complications in pa-
tients who receive the washed autologous blood.? Thus,
in these studies, it is possible that there was no difference
in the coagulation status between PRP and control pa-
tients immediately postCPB, and a better haemostatic
state resulted on retransfusion of the PRP product. This
may suggest that in cardiac surgical patients undergoing
CPB, autologous plateletpheresis not only augments the
blood conservation of cell saver techniques by providing
“fresh™ platelets and coagulation factors, but also cell
saver techniques complement plateletpheresis by removing
the generated procoagulants that induce a consumptive
coagulopathy.

In conclusion, preoperative plateletpheresis does not
reduce blood loss nor improve the haemostatic profiles
in patients undergoing CABG with CPB but without con-
comitant cell saver autotransfusion techniques. Further
studies are required to elucidate the haematological effects
of cell saver and plateletpheresis techniques, applied in-
dividually and in combination, in patients undergoing
cardiac surgery.
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