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Effect of the fresh whole blood transfusion on perioperative
bleeding in adult patients undergoing emergency coronary
artery bypass grafting surgery: a randomized study
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Objective
The present study aimed to assess the hemostatic effects of fresh whole blood
(FWB) transfusion on bleeding and blood product transfusion in patients on
clopidogrel undergoing emergency coronary artery bypass grafting surgery
(CABG).
Design
A randomized study was conducted.
Setting
The study was conducted at a cardiac center.
Patients and methods
The study included 124 patients undergoing CABG surgery. The patients were
divided into two groups: FWB group patients received two to six units of FWB after
weaning off cardiopulmonary bypass and in the cardiac surgery ICU. Control group
patients received blood products (packed red blood cells, platelets, fresh frozen
plasma, or cryoprecipitate) after weaning off cardiopulmonary bypass and after
surgery in cardiac surgery ICU. Total number of the transfused FWB, platelets,
packed red blood cell, fresh frozen plasma, and cryoprecipitate (intraoperative and
postoperative transfusion), bleeding time, and platelet aggregation function were
measured. Moreover, the thorax closure time and amount of blood losses, re-
exploration, pulmonary edema, and postoperative mechanical ventilation were
monitored.
Results
FWB significantly decreased the blood loss and blood product transfusion
compared with the control group (P=0.001 and 0.001, respectively). The
bleeding time and platelet aggregation function were better in the FWB group
compared with the control group (P=0.020 and 0.034, respectively). Moreover, the
thorax closure time, cardiac tamponade, re-exploration, pulmonary edema, and
postoperative mechanical ventilation decreased significantly in the FWB group
compared with the control group (P<0.05).
Conclusion
FWB decreased the blood loss, blood product transfusion, cardiac tamponade, and
re-exploration in patients on preoperative clopidogrel undergoing emergency
CABG.

Keywords:
bleeding time, blood loss, blood product transfusion, Clopidegrel, fresh whole blood, platelet
aggregation, re-exploration, thorax closure time

Egypt J Cardiothorac Anesth 14:84–91

© 2021 The Egyptian Journal of Cardiothoracic Anesthesia

1687-9090
This is an open access journal, and articles are distributed under the terms

of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0

License, which allows others to remix, tweak, and build upon the work

non-commercially, as long as appropriate credit is given and the new

creations are licensed under the identical terms.
Introduction
The antiplatelet combination of clopidogrel and aspirin
is the most common medication used in patients with
acute coronary syndrome and to reduce the in-stent
thrombosis after the percutaneous coronary
intervention [1,2].

Clopidogrel reduces the risk of incidence of
myocardial ischemia and infarction, strokes, and
mortality. Clopidogrel inhibits adenosine 5′-
diphosphate-induced platelet aggregation, whereas
aspirin inhibits cyclooxygenase and reduces
thromboxane A2 [3–5].
ia | Published by Wolters K
The clopidogrel inhibits platelet aggregation
irreversibly [6], and AHA/ACC guidelines
recommend that clopidogrel must be discontinued
for at least 5 days and preferably for 7 days before
coronary artery bypass grafting (CABG) [7]; however,
in the case of urgent CABG, it impossible to wait for 5
days, being sufficient for generation of new young
platelets that would be adequate to maintain firm
luwer - Medknow DOI: 10.4103/ejca.ejca_6_20
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hemostasis, and therefore, it might expose the patient
to severe and sometimes refractory perioperative
bleeding, cardiac tamponade, complications of
massive blood products transfusion, surgical re-
exploration, prolonged length of hospital stay, and
mortality that impair the outcome after cardiac
surgery [8–11].

Fresh whole blood (FWB) transfusion is defined as the
transfusion of the whole blood through 48 h from
donation [12]. FWB transfusion results in a
combination of fresh red blood cells, increased
function and number of platelets, along with
increased coagulation factor levels, contributing to
improved hemostasis and lower donor exposure rates
[13,14].

We hypothesize that the FWB transfusion is associated
with a decrease in perioperative bleeding than the
platelet transfusion during cardiac surgery. The
present study aimed to assess the hemostatic effects
of FWB transfusion on perioperative bleeding and
blood product transfusion in adult patients on
preoperative clopidogrel undergoing emergency
CABG surgery.
Patients and methods
Outcomes
The primary outcomes were blood loss and
requirements for blood product transfusion. The
secondary outcome was the safety of FWB and
blood product transfusion which was assessed by the
occurrence of complications.
Sample size calculation
Power analysis was performed using the χ2-test for
independent samples on the frequency of patients
experiencing perioperative bleeding and requiring
blood transfusion, because it was the main outcome
variable in the present study. A pilot study was done
before starting this study to assess the frequency of
patients with decreased perioperative bleeding and
blood transfusion in patients undergoing urgent
cardiac surgery. The results of the pilot study (eight
cases in each group) showed that the incidence of
severe perioperative bleeding was 37.5% in the fresh
blood group, and 62.5% in the control group. Taking
power 0.8, α error 0.05, and β 0.2, a minimum sample
size of 62 patients was calculated for each group.
Patients
The study was carried out as a prospective randomized
during the period from December 2016 to November
2019. After local Ethics Committee approval, all
patients scheduled for urgent CABG plus or minus
valve surgery and on preoperative clopidogrel
(discontinuation of administration <24 h) and
platelet aggregation inhibition >40% (mean of
clopidogrel platelet aggregation inhibition therapy 64
±25%) [15], and ventricular function (ejection fraction
>40%) were screened for eligibility enrollment. The
exclusion criteria included patients who had
aneurysmal aortic surgery, thrombolytic therapy less
than 24 h preoperatively, or severe liver disease. The
study included 124 cases, and the patients were assessed
using the New York Heart Association, American
Society of Anesthesiologists Physical Status Score,
and Euroscore. Included patients were those who
still had refractory bleeding either intraoperatively
(there were excessive generalized oozing and unable
to close the chest) or postoperatively (if the chest loss
>3ml/kg/h). This was defined by persisting bleeding
despite accurate surgical hemostasis and reversal of
heparin by protamine guided by activated clotting
time (ACT). The surgical bleeding source was
excluded by surgical re-exploration. For these
patients, FWB or blood products were administered
when the blood loss amount evoked a significant
compromise in systemic hemodynamics (severe
bleeding that decreases hemoglobin <9 g/dl and
associated with a decrease in MAP <70 mmHg).
The patients were randomly allocated to one of the
two groups (62 patients in each group). FWB group
patients received two to six units of FWB (donated
<24 h before surgery) after weaning off
cardiopulmonary bypass (CPB) in addition to other
blood products if needed (platelets, fresh frozen
plasma, or cryoprecipitate) and postoperatively in the
cardiac surgery ICU (CSICU) to maintain the
hemoglobin greater than 9 g/dl. Control group
patients did not receive FWB and received only
other blood products (packed red blood cells,
platelets, fresh frozen plasma, or cryoprecipitate)
after weaning off CPB and postoperatively in the
CSICU.
Anesthetic technique
Anesthetic technique: for all patients and under local
anesthesia, the radial arterial cannula and central venous
line were inserted before induction to enable continuous
hemodynamic monitoring. Induction was done by
intravenous fentanyl (3–5μg/kg), etomidate (0.3mg/
kg), rocuronium (0.8mg/kg). The anesthesia was
maintained with oxygen/air (50%), sevoflurane
(1–3%), fentanyl infusion (1–3μg/kg/h), and
cisatracurium (1–2 μg/kg/min). The patients received
tranexamic acid as 20mg/kg as a bolus dose over 10min,
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then infusion 5mg/kg/h after induction and
continuously throughout the operation until skin
closure. All patients received 4mg/kg of heparin
before bypass, aiming to provide an ACT greater than
480 s.After bypass, heparinwas reversedwith protamine
which was titrated to achieve an ACT less than 140 s.
CPBused centrifugal pumpswith 1–1.5 l primeof ringer
lactate, in addition to antibiotics, solu-medrol, and
mannitol. Both antegrade blood cardioplegia and
retrograde blood cardioplegia were used. Cooling was
passive to around 34°C or active to 22°C. FWB,
platelets, packed red blood cells, fresh frozen plasma,
and cryoprecipitate were administered according to the
study protocol (to control the bleeding and to maintain
hemoglobin >9 g/dl). The transfusion was done either
intraoperatively (if there was excessive generalized
oozing with the inability to close the chest) and/or
postoperatively if the chest drains’ loss was more than
3ml/kg/h. At the end of surgical intervention, the
patients were prepared for weaning off CBP. If there
was difficulty towean offCPB, pharmacological support
(dopamine, epinephrine, norepinephrine, or
nitroglycerine) or mechanical support (IABP) was
started. At the end of surgery, the patients were
transferred to cardiac surgery ICUwith full monitoring.

Patients monitoring
For all patients, the following laboratory investigations
were closely monitored: bleeding time (BT), platelet
aggregation inhibition, prothrombin time (PT),
international normalized ratio (INR), activated
partial thromboplastin time (aPTT), ACT platelets,
fibrinogen, D-dimer, hemoglobin, total number of the
transfused FWB, platelets, packed red blood cell, fresh
frozen plasma, and cryoprecipitate (intraoperative and
postoperative transfusion). Moreover, the thorax
closure time and amount of blood losses through the
postoperative 24 h were monitored. Chest radiography
was done on admission to CSICU, and as indicated to
rule out widened mediastinum.

Statistical analysis
Data were statistically described in terms of mean±
±SD, or frequencies (number of cases) and percentages
when appropriate. A comparison of numerical variables
between the study groups was done using the Student
t-test for independent samples. For comparing
categorical data, a χ2 test was performed. The exact
test was used instead when the expected frequency is
less than 5. P values less than 0.05 were considered
statistically significant. All statistical calculations were
done using computer program SPSS (Statistical
Package for the Social Science; SPSS Inc., Chicago,
Illinois, USA) version 15 for Microsoft Windows.
Results
Table 1 shows no significant differences in the
demographic data, co-morbidities, preoperative
medications, New York Heart Association class,
American Society of Anesthesiologists Physical
Status Score physical status score, and the Euroscore
(P>0.05).

Table 2 shows the coagulation profiles of patients. The
preoperative BT and platelet aggregation inhibition
were significantly higher than the normal level in
patients of the two groups, but the difference
between the two groups was insignificant (P=0.830
and 0.310, respectively). There was no significant
difference in the preoperative PT, INR, aPTT,
ACT, platelets number, fibrinogen, and D-dimer
between the two groups (P>0.05). The
postoperative BT significantly decreased in patients
of the two groups compared with the preoperative
values, but the decrease was significantly lower in
the FWB group compared with the control group
(P=0.020). The postoperative platelet aggregation
inhibition significantly decreased in patients of the
two groups compared with the preoperative values,
but the decrease was significantly lower in the FWB
group than the control group (P=0.034). There was no
significant difference in the postoperative PT, INR,
aPTT, ACT, platelets number, and fibrinogen
between the two groups (P>0.05). Postoperatively,
the D-dimer increased mildly in patients of both
groups, but the difference between the two groups
was insignificant (P=0.403).

Table 3 shows the blood losses and blood products
transfusion. The mean blood loss during the first 24
postoperative hours was lower in the FWB group than
the control group (P=0.001). The number of
transfused platelets was significantly lower in the
FWB group compared with the control group
(P=0.001). Patients of FWB group received fresh
frozen plasma less than the control group patients
(P=0.001). Moreover, the number of transfused
cryoprecipitate units was significantly lower in the
FWB group compared with the control group
(P=0.001). There was no significant difference in
the postoperative hemoglobin level between the two
groups (P=0.150).

Table 4 shows the surgical data of patients. There was
no significant difference in the types and number of
surgical procedures (CABG or mitral valve repair)
between the two groups (P>0.05). There was no
significant difference in the postoperative mean



Table 1 Preoperative data of patients (data are presented as mean±SD, number, %)

Variable FWB group (n=62) Control group (n=62) P value

Age (years) 56.70±10.20 53.22±11.50 0.077

Weight (kg) 86.40±13.78 88.15±14.50 0.492

Sex

Male : female 46 : 16 40 : 22 0.330

Diabetes mellitus 62 (100) 62 (100) 1.000

Hypertension 52 (83.87) 45 (72.58) 0.191

Ischemic heart diseases 62 (100) 62 (100) 1.000

Atrial fibrillation 36 (58.06) 42 (67.74) 0.352

Mitral valve regurgitation 19 (30.64) 13 (20.96) 0.304

Pulmonary hypertension 12 (19.35) 7 (11.29) 0.318

Ejection fraction 47.40±5.30 48.15±5.80 0.453

Angiotensin-converting-enzyme inhibitors 39 (62.90) 43 (69.35) 0.569

β-Blockers 48 (77.41) 56 (90.32) 0.087

Calcium channels-blockers 25 (40.32) 32 (51.61) 0.279

Aspirin 62 (100) 62 (100) 1.000

Clopidogrel 62 (100) 62 (100) 1.000

Statins 57 (91.93) 52 (83.87) 0.270

Chronic renal impairment 9 (14.51) 13 (20.96) 0.369

Carotid stenosis

<50% 18 (29.03) 24 (38.70) 0.342

Unilateral 11 (17.74) 16 (25.80) 0.384

Bilateral 5 (8.06) 8 (12.90) 0.557

Smoking

Current smokers 35 (56.45) 28 (45.16) 0.281

Ex-smokers 13 (20.96) 19 (30.64) 0.304

NYHA

III : IV 25 : 37 29 : 33 0.586

ASA

III : IV 18 : 44 23 : 39 0.445

Euroscore (%) 16.63±5.30 15.87±5.13 0.418

Blood sugar (mmol/l) 7.25±1.17 7.44±1.30 0.394

Body surface area (m2) 1.74±0.15 1.78±0.17 0.167

Hemoglobin (g/dl) 13.70±1.17 14.02±1.46 0.180

ASA, American Society of Anesthesiologists Physical Status Score; FWB group, fresh whole blood group; NYHA, New York Heart
Association.
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heparin dose and ACT, protamine dose, CPB
duration, aortic cross-clamping time, and
temperature between the two groups (P>0.05). The
mean thorax closure time was significantly lower in the
FWB group compared with the control group
(P=0.001).

Table 5 shows the postoperative outcomes of patients.
The dose of pharmacological support after weaning off
CPBwas lower in FWBgroup than in the control group
(P<0.05). The incidence of postoperative cardiac
tamponade was two patients in FWB group and seven
patients in the control group (P=0.166). Surgical re-
exploration (because of postoperative bleeding or cardiac
tamponade) was needed in four patients in FWB group
and13patients in the control group (P=0.034), and in all
cases, thebleedingwas owing togeneralized oozing.The
number of patients who experienced pulmonary edema
and required postoperative mechanical ventilation was
significantly lower inFWBgroup than the control group
(P=0.028). The incidence of allergic reactions was
significantly lower in the FWB group than the control
group (P=0.047). The incidence of renal failure was
insignificant between the two groups (P=0.241). The
ICUandhospital length of staywere shorter in theFWB
group compared with the control group (P=0.002 and
0.016, respectively). There was no incidence in the
anaphylactic reaction, disseminated intravascular
coagulopathy, postoperative graft occlusion and acute
myocardial infarction, thromboembolism, neurological
complications, or mortality in the two groups.
Discussion
The present study showed that the FWB is effective to
decrease the perioperative blood loss and blood product
transfusion in patients on preoperative clopidogrel
undergoing emergency CABG surgery. The BT and
platelet aggregation inhibition significantly decreased
in patients of the two groups, but the decrease was



Table 2 Coagulation profiles of patients (data are presented as mean±SD, number, %)

Variables FWB group (n=62) Control group (n=62) P value

Preoperative coagulation profiles

BT (min) 17.24±7.55 16.96±6.93 0.830

Platelet aggregation inhibition (%) 57.36±8.46 55.90±7.48 0.310

PT (s) 10.08±1.09 10.15±1.10 0.722

INR 1.04±0.13 1.07±0.17 0.271

aPTT (s) 40.96±6.30 41.20±7.15 0.843

ACT (s) 131.35±11.65 129.80±12.70 0.480

Platelets (×103/μl) 265.83±67.30 272.40±70.50 0.596

Fibrinogen (g/l) 3.31±0.47 3.44±0.43 0.110

D-dimer (μg/ml) 0.24±0.16 0.21±0.15 0.283

Postoperative coagulation profiles

BT (min) 9.42±1.78† 10.25±2.15† 0.020∗

Platelet aggregation inhibition (%) 33.03±4.93† 35.11±5.85† 0.034∗

PT (s) 11.15±1.24 10.92±1.16 0.288

INR 1.24±0.19 1.21±0.23 0.430

aPTT (s) 42.47±6.15 41.35±5.26 0.278

ACT (s) 133.2±5.58 132.50±5.25 0.433

Platelets (×103/μl) 245.48±47.80 249.00±51.40 0.693

Fibrinogen (g/l) 3.22±0.42 3.31±0.48 0.268

D-dimer (μg/ml) 1.18±0.45 1.12±0.34 0.403

ACT, activated clotting time; aPTT, activated thromboplastin time; BT, Bleeding time; FWB group, Fresh whole blood group; INR,
international normalized ratio; PT, prothrombin time. ∗P<0.05 significant comparison between the two groups. †P<0.05 significant within
the same group compared with the preoperative value.

Table 3 Blood losses and blood products transfusion (Data
are presented as mean±SD)

Variables FWB group
(n=62)

Control group
(n=62)

P
value

Blood loss (ml/24 h) 815.55
±126.40

1183.90
±150.10

0.001∗

Fresh whole blood 4.60±1.56 – 0.001∗

Packed red blood
cells (unit)

– 9.58±2.80 0.001∗

Platelets (unit) 3.75±2.15 13.40±4.70 0.001∗

Fresh frozen plasma
(unit)

3.15±2.86 14.80±3.40 0.001∗

Cryoprecipitate (unit) 3.20±1.50 9.70±3.35 0.001∗

Hemoglobin (g/dl) 11.55±1.30 11.23±1.16 0.150

Group FWB, fresh whole blood group. ∗P<0.05 significant
comparison between the two groups.
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significantly more in the FWB group compared with
the control group, and this means that FWB improved
the platelet function than the transfused platelets, in
spite there being no difference in the postoperative
number of platelets. Mohr et al. [16] found that fresh
blood improved the platelet function as shown by the
improvement of the platelet aggregation and BT with
the fresh blood than the transfused platelet after cardiac
surgery. Moreover, they found that the hemostatic
effect of one-unit FWB after CPB is at least equal,
if not superior, to the effect of 10 units of platelets.
Another study showed improved hemostasis in cardiac
surgery after FWB administration compared with the
transfused platelets, as the FWB contains large and
potent platelets than the transfused platelet concentrate
[17]. The large platelets in the FWB resist inhibition,
aggregate better, and induce a superior hemostatic
effect than the transfused platelets [18–20].

The fresh blood has preserved clotting factors and
full platelet activity [16,21], and many studies
showed the use of FWB improves hemostasis,
reduces exposures to cytokines and inflammatory
mediators with the stored packed red blood cells,
and also reduces the overall blood product exposures
[22–25].

One study showed that the mixture of one unit of RBC
has a hematocrit of 55%, one unit of platelet
concentrate has platelets level 5.5×1010, and one unit
of FFP has 80% coagulation factors activity. In
contrast, one unit of FWB has a hematocrit of
33–43%, 130 000–350 000 platelets per microliter,
and 86% activity of coagulation factors [21,26].
Moreover, unlike the use of the stored blood
products, FWB is anticipated to have full platelet
activity [16,21,27–30]. Lavee et al. [28] showed a
similar effect of whole blood on the preservation of
platelet function by showing that platelet aggregation
as assessed by electron microscopy after CPB in adult
patients was restored by one unit of whole blood to a
level equivalent to 8–10 platelet units.

Whole fresh blood is the product of choice if massive
bleeding is expected, as it provides volume



Table 5 Intraoperative data and outcome of patients (data are presented as mean±SD, number, %)

Variables FWB group (n=62) Control group (n=62) P value

Dopamine(μg/kg/min) 6.50±2.80 8.18±3.40 0.003∗

Norepinephrine (μg/kg/min) 0.06±0.03 0.08±0.04 0.002∗

Nitroglycerine (μg/kg/min) 1.37±0.29 1.50±0.39 0.037∗

Postoperative cardiac tamponade 2 (6.45) 7 (11.29) 0.166

Surgical re-exploration 4 (3.22) 13 (20.96) 0.034∗

Postoperative graft occlusion and acute MI – –

Pulmonary edema 5 (8.06) 15 (24.19) 0.028∗

Postoperative mechanical ventilation 5 (8.06) 15 (24.19) 0.028∗

Allergic reaction 3 (4.83) 11 (17.74) 0.047∗

Renal failure 5 (8.06) 9 (14.51) 0.241

Neurological complication (stroke) – –

ICU length of stay (days) 5.10±1.30 6.03±1.45 0.002∗

Hospital length of stay (days) 10.75±2.65 12.10±3.50 0.016∗

Anaphylactic reaction – –

Disseminated intravascular coagulopathy – –

Thromboembolism – –

Mortality – –

Acute MI, acute myocardial infarction; FWB group, fresh whole blood group; MI, myocardial infarction. ∗P<0.05 significant comparison
between the two groups.

Table 4 Surgical data of patients (data are presented as mean±SD, number, %)

Variables FWB group (n=62) Control group (n=62) P value

Emergency surgery 62 (100) 62 (100) 1.000

Coronary artery bypass grafting 62 (100) 62 (100) 1.000

Number of coronary grafts

2 8 (12.90) 5 (8.06) 0.559

3 26 (41.93) 30 (48.38) 0.863

4 18 (29.03) 21 (33.87) 0.698

5 10 (16.12) 6 (9.67) 0.421

Mitral valve repair 12 (19.35) 7 (11.29) 0.318

CPB time (min) 118.30±25.45 125.16±27.80 0.154

Cross-clamping time (min) 92.40±20.35 95.10±23.00 0.230

Temperature (°C) 29.48±3.15 28.86±4.03 0.341

Total heparin dose (mg) 318.60±66.83 311.55±62.79 0.546

Post heparin ACT (s) 584.74±115.60 610.15±123.30 0.238

Total protamine dose (mg) 345.25±63.50 337.90±60.85 0.511

Postprotamine ACT (s) 134.07±12.46 135.20±15.90 0.959

Thorax closure time (min) 72.50±15.35 84.00±17.70 0.001∗

ACT, activated clotting time; CPB, cardiopulmonary bypass; FWB group, fresh whole blood group. ∗P<0.05 significant comparison
between the two groups.
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replacement, higher oxygen-carrying capacity, and
coagulation factor replacement [31]. Jobes et al.
[12] found that the FWB is associated with an
improvement of hemostasis and decreased blood
product transfusion as a result of preserved platelet
function in the FWB in cardiac operations in children
younger than 2 years old. Moreover, the FWB
reduced the donor exposures compared with other
blood products of multiple donors, and similar
results were shown by other studies [13,14].
Another study showed that the reversal of the
antiplatelet effect required 12 units of platelets that
were 48 h after extraction, compared with four units of
fresh platelets [32].
In the present study, the transfusion of FWB decreased
the transfusion of other blood products such as
platelets, fresh frozen plasma, and cryoprecipitate in
patients on preoperative clopidogrel undergoing
emergency CABG. Therefore, FWB group is
associated with a lower dose of pharmacological
support, decreased incidence of postoperative cardiac
tamponade, allergic reaction, pulmonary edema,
postoperative mechanical ventilation, and renal
failure. Moreover, the ICU and hospital length of
stay were shorter with FWB than the control group.
Some studies showed that FWB in pediatric cardiac
surgery significantly improved the clinical outcomes,
reduced the postoperative chest tube volume loss
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during the first 24 h, and significantly decreased the
required inotropic support, ventilation time, and
hospital length of stay [25,33,34].

Contrary to the results of the present study, McLean
et al. [35] showed that there was no significant increase
in bleeding in the patients receiving clopidogrel
undergoing urgent CABG, and Karabulut et al. [36]
suggest that preoperative use of clopidogrel does not
increase perioperative bleeding, surgical exploration, or
blood product transfusion after CABG.

There is limitation to the present study as
thromboelastography was not used to assess the
efficiency of blood coagulation, as it was not available.
Conclusion
FWB decreased the blood loss, blood product
transfusion, cardiac tamponade, and re-exploration
in patients on preoperative clopidogrel undergoing
emergency CABG.
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