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Abstract
Coronary artery bypass grafting (CABG) is the treatment of choice for patients with three-vessel
disease or left main stenosis. However, it is associated with considerable risk of perioperative
complications such as myocardial infarction, stroke, infections, and mortality to which excessive
bleeding is a contributing factor. This thesis aims to determine the factors involved in and clinical
implications of bleeding after CABG.
The 1st study evaluated the effects of preoperative ASA discontinuation on the patient’s
outcome after CABG. The results showed that late or no discontinuation of low-dose ASA before
CABG may decrease the risk of postoperative stroke without increasing the risk of postoperative
bleeding.
In the 2nd study the use of warfarin was found to be a safe during CABG with no excess
bleeding nor other major complications.
The 3rd study estimated the impact of surgeons´ performances on blood loss and need for reexploration after CABG. With 2001 study patients, this study clearly demonstrated that an
individual surgeon is a powerful determinant of postoperative bleeding and need for reexploration after CABG.
Using systematic review and meta-analysis, we estimated the risk of complications related to
re-exploration for bleeding after CABG. In literature search in 2011, 8 articles with 557 923
patients fulfilled the inclusion criteria. Re-exploration for bleeding after cardiac surgery carries a
significantly increased risk of postoperative mortality and morbidity, and thus has a major impact
on the patient’s immediate postoperative outcome.
We also studied the impact of blood transfusion on the development of post-operative stroke
after CABG. Of the study population of 2 226 CABG patients, stroke occurred postoperatively in
53 patients (2.4%). The statistical analysis showed that transfusion of blood products after CABG
has a strong, dose-dependent association with the risk of stroke. The use of Octaplas® and platelet
transfusions seem to have an even larger impact on the development of stroke than red blood cell
transfusions.
The 6th study investigated the impact of transfusion of blood products on intermediate
outcome after CABG in 2001 patients. The findings indicated that transfusion of any blood
product is associated with a significant risk of all-cause and cardiac mortality after CABG.

Keywords: anticoagulation, aspirin, bleeding, blood transfusion, coronary artery bypass
surgery, fresh frozen plasma, platelets, re-exploration, red blood cells, resternotomy,
stroke

Mikkola, Reija, Verenvuotojen syyt ja seuraukset sepelvaltimokirurgiassa.
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Lääketieteellinen tiedekunta; Medical Research
Center Oulu; Oulun yliopistollinen sairaala
Acta Univ. Oul. D 1439, 2017
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä
Sepelvaltimotauti on yleisin kuolinsyy ja sepelvaltimoiden ohitusleikkaus hyvine pitkäaikaistuloksineen on todettu parhaaksi hoidoksi potilailla, joilla on monen suonen tai vasemman päärungon tauti. Ohitusleikkaukseen liittyy kuitenkin verenvuodon sekä näihin kytkeytyvien komplikaatioiden riski. Tämän väitöskirjan tavoitteena oli määrittää verenvuodon riskitekijöitä sekä
verituotteiden siirtojen vaikutusta ohitusleikkauspotilaiden ennusteeseen.
Verenhyytymistä estävien lääkkeiden tiedetään lisäävän verenvuotoja. Ensimmäinen tutkimus osoitti, että ASA:n jatkaminen keskeytyksettä ohitusleikkauksissa vähentää aivoinfarktien
riskiä lisäämättä silti verenvuodon riskiä.
Toisessa tutkimuksessa pitkäaikainen warfariinihoito osoittautui turvalliseksi ohitusleikkauksen
aikana eikä sen käyttö lisännyt verenvuotoja eikä muita komplikaatioita.
Kolmas tutkimus osoitti kirurgin taidon merkityksen verenvuotojen ja uusintaleikkausten
määrään 2001 potilaalla. Verenvuotojen vuoksi tehtävien uusintaleikkausten negatiivinen vaikutus postoperatiiviseen mortaliteettiin sekä morbiditeettiin on todettu yksiselitteisesti useissa tutkimuksissa.
Vuonna 2011 tehdyllä systemaattisella kirjallisuuskatsauksella ja meta-analyysillä selvitimme yhteensä 557 923 ohitusleikkauspotilaan aineistosta, että verenvuodon jälkeisiin uusintaleikkauksiin liittyy huomattava kuoleman ja komplikaatioiden riski.
Verenvuotoja hoidetaan yleisesti verensiirroilla, vaikkakin useat tutkimukset ovat osoittaneet
verituotteiden annon lisäävän mortaliteettia sekä komplikaatioriskiä. Viides tutkimus selvitteli
sepelvaltimoleikkauksissa potilaalle annettujen verituotteiden ja leikkauksen yhteydessä sairastettujen aivoinfarktien välistä yhteyttä. Osoittautui, että verituotteiden käyttöön liittyy annosriippuvaisesti lisääntynyt riski saada aivoinfarkti leikkauksen yhteydessä. Varsinkin verihiutale- ja
jääplasmasiirtoihin on todettu liittyvän vielä suurempi aivoinfarktin riski kuin punasolusiirtoihin.
Kuudes tutkimus selvitteli sepelvaltimoleikkauksien yhteydessä annettujen verituotteiden
vaikutusta 2001 potilaan keskipitkään ennusteeseen. Tutkimus osoitti, että minkä tahansa verituotteen antoon sepelvaltimoleikkauksissa liittyy lisääntynyt kuoleman ja sydänkuoleman riski.

Asiasanat:
aivoinfarkti,
antikoagulaatio,
aspirin,
jääplasma,
punasolut,
sepelvaltimokirurgia, uusintaleikkaus, veren hyytyminen, verensiirrot, verenvuoto,
verihiutaleet
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1

Introduction

Coronary artery disease (CAD) is the leading cause of death in western countries,
and in Europe it is still responsible for over 1.8 million deaths per year (Nichols
et al. 2015). In CAD, the myocardial ischemia is a result from a weakened oxygen
supply due to stenosis or occlusion in coronary arteries. Despite the awareness and
optimal conservative treatments, mechanical revascularization with percutaneous
coronary interventions (PCI), coronary artery bypass grafting (CABG) or both, is
often required for patients with significant CAD or symptoms (Iqbal and Serruys
2014, Davierwala & Mohr 2014). CABG is preferred in patients with three vessel
disease, left main stenosis, left ventricular systolic dysfunction and/or diabetes, as
it is associated with improved survival, reductions in cardiovascular events and
reductions in repeat revascularization when compared to PCI (Iqbal and Serruys
2014, Sipahi et al. 2014, Davierwala & Mohr 2014, Deb et al. 2013).
GABG surgery is associated with a considerable risk of perioperative
complications such as myocardial infarction, stroke, major bleeding, acute kidney
injury, respiratory problems, infections, and mortality (Stone et al. 2012).
Excessive bleeding has been found to contribute to these complications (Alström
et al. 2012) and there is a growing body of evidence suggesting that a transfusion
of blood products is also an independent risk factor for these complication (Biancari
& Kinnunen 2012, Stone et al. 2012). Furthermore, reoperation for bleeding
represents an important complication in CABG patients and is strongly associated
with greater morbidity and mortality (Mehta et al. 2009). For these reasons,
identification of factors associated with an increased risk of bleeding is essential.
This thesis evaluated the impact of perioperative bleeding and the transfusion
of blood products on the outcome of patients undergoing isolated CAGB.
Furthermore, risk factors for major bleeding and re-exploration for bleeding were
estimated.
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2

Review of the literature

2.1

Bleeding in coronary artery bypass surgery

Coronary artery bypass surgery is a major procedure associated with a considerable
risk of perioperative bleeding. Studies of hemostatic complications in cardiac
operations are summarized in table 1. According to these studies, reoperation for
bleeding is required in 1.3% to 5.9% patients undergoing coronary artery bypass
graft surgery.
Table 1. Studies of hemostatic complications in cardiac operations.
Author

Year of

No. of

Percentage of

Percentage of

Amount of blood loss

publication

patients

patients who

re-sternotomy for

in ICU (mean ± SD)

received blood

bleeding

products
Sellman et al.

1997

8 563

-

4.4% (378)

-

Unsworth-White

1995

2 221

-

3.8% (85)

median 2 156 ml,

Moulton et al.

1996

6 015

-

4.2% (253)

-

Karthik et al.

2004

2 898

-

3.1% (89)

-

range 1 440–2 435 ml

Mehta et al.

2009

2.39% (12 652)

-

Choong et al.

2007

528 686 59.2% (312 819)
3 220

-

5.9% (191)

mean 1 236 ml,

Dacey et al.

1998

8 586

-

3.6% (305)

-

Alström et al.

2012

3 000

-

2.5% (76)

-

Biancari & Kinnunen

2012

140

47.9% (67)

2.1% (3)

901 ± 35 ml

Stone et al.

2012

1 491

41.0 % (612)

1.3 % (20)

-

range 100–10 661 ml

2.2

Description of coagulation cascade

Hemostasis include three phases: initiation, amplification, and propagation. The
coagulation cascade starts via its intrinsic or extrinsic activation. The coagulation
factor enzymes are sequentially activated in the cascade and the final steps involve
the conversion of soluble plasma fibrinogen into fibrin by thrombin (Figure 2). The
coagulation cascade starts with an initiation phase in which the resting endothelium
is stimulated to become an activated surface via injury (tissue factor release) or
exposure to a signaling molecule. Despite the difference in the activation
mechanism, the two pathways converge on a common pathway leading to clot
21

formation. During the amplification and propagation of the thrombus, activated
platelets adhere to the endothelium, facilitated by von Willebrand factor (vWF) via
glycoprotein Ib receptors. The thrombin thus formed activates additional platelets
and a positive feedback cycle increases the generation of thrombin. Thrombin also
converts fibrinogen to a fibrin monomer, which is then polymerized into a clot
stabilizer by thrombin-activated factor XIII. The coagulation process is limited to
the site of vascular injury by serine protease inhibitors including protein C and S,
tissue factor pathway inhibitor, and antithrombin. The fibrinolytic system activates
concurrently, and removes the clot on coordination with wound healing and tissue
remodeling.
2.3

Impact of antithrombotic drugs on perioperative bleeding

Over the last decade there have been several changes in the practice of the
preoperative use of antithrombotic and antiplatelet drugs in cardiac surgery. The
relationship between antiplatelet therapy at the time of coronary artery bypass
grafting and perioperative bleeding complications is still under debate and requires
further examination. Nowadays, cardiac surgeons are faced with an increasing
number of patients referred to operations while being treated with one or more
antithrombotic and/or antiplatelet agents. Because of the risk of bleeding, the
proper timing of operation has to be carefully considered before any surgical
intervention.
The different types of antithrombotic drugs (Figure 1) can be classified by their
pharmacological effect (Figure 2).
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Fig. 1. Antithrombotic drugs.

INTRINSIC ACTIVATION
XII

EXTRINSIC ACTIVATION
Vascular endothelial injury

XIIa

XI

Tissue factor (TF)

XIa

Collagen
VIIa

IX

Aspirin

X

ADP

IIa
inhibitors

VIII
LMWH
Heparin
fXa inhibitors

VII

IXa

Thromboxane A2

Xa
Va

Prothrombin (II)

Thrombin (IIa)

Fibrinogen

Fibrin

Clopidogrel
Prasugrel
Ticagrelol

Conformational activation of GPIIb/IIIa

Platelet aggregation

THROMBUS

Fig. 2. Coagulation cascade via intrinsic and extrinsic activation. Pharmacological
effects of antithrombotics.
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2.3.1 ASA
Acetylsalicylic acid (ASA) inhibits thromboxane A2 synthesis, which in result
inhibits the aggregation of blood platelets. ASA is an integral part of pharmacologic
therapy in patients with coronary artery disease and one of the mainstay treatments
to prevent graft occlusion after CABG. Several studies have shown that
preoperative ASA increases the postoperative bleeding, RBC transfusion
requirements, and reoperation for bleeding in patients undergoing CABG
(Unsworth-White et al. 1995, Jacob et al. 2011, Ma et al. 2014, Hastings et al.
2015). However, in a subgroup analysis of 8 randomized controlled trials, Ma et al.
(2014) demonstrated that ASA given at doses ≤ 100 mg/d might not increase
postoperative bleeding. Traditionally, the administration of ASA is discontinued
within seven days before coronary artery bypass surgery to reduce the risk of
postoperative bleeding complications. In the last few years, however, some studies
have suggested that continuing ASA until the time of surgery does not increase
bleeding or increase the need for allogeneic blood transfusion in coronary artery
surgery (Gulbins et al. 2009, Hijazi 2011). Continued ASA treatment has also been
shown to reduce oxidative and inflammatory responses among CABG patients
(Berg et al. 2013). Performing CABG on ASA may also decrease the long-term risk
of major cardiac events such as cardiovascular death, infarction, or repeat
revascularization (Deja et al. 2012).
2.3.2 Clopidogrel
Clopidogrel belongs to the group of thienopyridines, which are prodrugs whose
active metabolites inhibit platelet aggregation and activation by irreversibly
antagonizing the P2Y12 adenosine diphosphate receptor on the surface of platelets.
Current guidelines recommend that dual antiplatelet therapy with aspirin and a
thienopyridine is the basis in treatment for prevention of thrombosis after PCI in
ACS patients.
CABG patients with recent exposure to clopidogrel have a significantly
increased risk of blood loss (Leong et al. 2005, Berger et al. 2008, Firanescu et al.
2009, Biancari et al. 2012), need of blood transfusion (Leong et al. 2005, Firanescu
et al. 2009, Biancari et al. 2012), reoperations for bleeding (Berger et al. 2008,
Biancari et al. 2012), and postoperative death (Biancari et al. 2012). The
preoperative use of clopidogrel is also connected to an increase in hospital lengthof-stay (Berger et al. 2008).
24

The increased risk of bleeding and reoperation in CABG patients with
clopidogrel treatment is irrespective of whether surgery is performed on- or offpump (Berger et al. 2012). Those patients who used clopidogrel within 5 days of
robotic-assisted CABG had greater postoperative bleeding (Vainrub et al. 2014,
Daniel et al. 2014) and a higher incidence of blood transfusion (Daniel et al. 2014),
even though robotic-assisted CABG is considered to be less invasive as it does not
involve sternotomy.
There is evidence that combined therapy using ASA and clopidogrel has no
significant increase in the postoperative bleeding risk and blood transfusion when
compared to monotherapy using clopidogrel alone (Badreldin et al. 2009). Current
guidelines recommend that clopidogrel should be discontinued 5 days prior to
CABG (Vainrub et al. 2014) to reduce bleeding complications. The optimal timing
for discontinuation of clopidogrel before surgery is under debate, however, as some
studies have demonstrated that bleeding complications are similar in patients that
stopped clopidogrel at 3 days preoperatively when compared to those that
discontinued at 5 days preoperatively (Firanescu et al. 2009).
2.3.3 Prasugrel
Prasugrel is the most recent addition to the available thienopyridine antiplatelet
agents used to prevent ischemic events in patients with acute coronary syndrome
undergoing percutaneous coronary intervention. Prasugrel has been shown to exert
a more powerful antiplatelet effect and a more effective inhibition of platelet
activation than clopidogrel, but the clinical benefits are counterbalanced by an
increase in bleeding risk compared with clopidogrel (Martin et al. 2011). The
current American College of Cardiology Foundation/American Heart Association
guidelines recommend a discontinuation of ADP antagonists at least 5 days before
surgery for clopidogrel and at least 7 days before surgery for prasugrel to minimize
bleeding complications. In a prospective study of 143 patients, Drews et al. (2015)
reported an increase in the need for platelet transfusion and surgical re-exploration
after CABG in patients pretreated with prasugrel, when compared to clopidogrel.
In a subset of the TRITON-TIMI 38 study (Trial to Assess Improvement in
Therapeutic Outcomes by Optimizing Platelet Inhibition with PrasugrelThrombolysis In Myocardial Infarction 38), Smith et al. (2012) demonstrated that
the preoperative use of prasugrel lowers the rate of death after CABG compared
with clopidogrel, despite an increase in bleeding, platelet transfusion, and surgical
re-exploration for bleeding.
25

2.3.4 Ticagrelor
Concerns regarding clopidogrel´s delayed onset of action, variability in antiplatelet
effects, and prolonged recovery of platelet function after discontinuation have
driven the development of direct P2Y(12) receptor antagonists such as ticagrelor
(Cheng 2012). Current evidence suggests that ticagrelor or prasugrel plus ASA
should be the dual antiplatelet therapy of choice in patients with acute coronary
syndrome undergoing percutaneus coronary intervention (Clemmensen et al. 2013).
Compared to clopidogrel, ticagrelor has been shown to reduce thrombotic events
and the risk of cardiovascular death, myocardial infarction, and stroke in ACS
patients, even when treated with CABG (Held et al. 2010, Held et al. 2011, Cheng
2012). Ticagrelor also has a faster onset and offset of action than clopidogrel, and
therefore, it appears that platelet function recovers faster on discontinuation of
therapy (Held et al. 2010, Schotola et al. 2014). In GABG patients on dual
antiplatelet medication up to the day of surgery, however, ticagrelor + ASA therapy
is associated with more bleeding complications (higher blood loss, higher use of
blood products and coagulation factors, higher incidence of resternotomy for
bleeding) compared to those who were treated with clopidogrel + ASA (Hansson
et al. 2014, Schotola et al. 2014). There was no difference in major bleeding
complications overall when ticagrelor or clopidogrel was used in accordance with
guidelines (Hansson et al. 2014). The protocol recommends that ticagrelor be
withheld for 24 to 72 h preoperatively (Held et al. 2011). At times, however, the
usage of these drugs cannot be discontinued before coronary artery bypass grafting
due to the risk of stent thrombosis or in the case of emergency operations. One of
the downsides in using ticagrelor is the twice-a-day maintenance dose, elevations
in serum creatinine and uric acid, and dyspnea (Wallentin et al. 2009).
2.3.5 Heparins
Unfractioned heparin (UFH) catalyzes the anticoagulant effect of antithrombin
(AT), which is an inhibitor of factors IIa (thrombin) and Xa (Figure 2). Secondly,
it catalyzes the anticoagulant properties of heparin cofactor II. Low-molecular
weight heparins (LMWH) are fragments of unfractioned heparin, and have a greater
activity against factor Xa (Handeland et al. 1990). In a retrospective study of almost
2 900 patients, Karthik et al. (2004) found preoperative heparin to be a risk factor
for re-exploration for bleeding after on-pump coronary artery surgery. Furthermore,
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the early postoperative use of UFH was also associated with a significant increase
in re-exploration for postoperative bleeding (Jones et al. 2005).
Systemic heparinization is used to prevent the accumulation of thrombus in the
cardiopulmonary bypass circuit and minimize the activation of the coagulation
system. A common practice during CPB is administering a fixed, weight-based
heparin dose and measuring the activated clotting time (ACT) for targeting a level
considered adequately safe for surgery. Unfractionated heparin has long been the
anticoagulant of choice in surgery with CPB as it is effective, inexpensive, and
easily reversed.
2.3.6 Warfarin
Warfarin decreases blood coagulation by inhibiting vitamin K epoxide reductase,
which affects the carboxylation of several blood coagulation proteins, mainly
prothrombin and factor VII. Its activity is monitored by blood testing for the
international normalized ratio (INR). Its pharmacologic action can be reversed by
vitamin K. The most common indications for anticoagulation therapy are atrial
fibrillation, valvular heart disease, and thromboembolic disease.
There are only a limited number of studies analyzing the bleeding outcome
after CABG in patients on oral anticoagulation. Preoperative, long-term warfarin
therapy is assumed to increase bleeding complications with respect to surgical
procedures and it is recommend that it is discontinued for 7 days before surgery
(Torosian et al. 1978). In a case-control study of 162 matched CAGB patients pairs,
Biancari et al. (2010) discovered that a short preoperative pause (median, 2 days)
in warfarin treatment does not increase the risk of bleeding complications
(postoperative blood loss, need of red blood cell transfusion, reoperation for
bleeding) when compared to CABG patients without preoperative warfarin. This
was the case even when the operative risk of warfarin-treated patients was higher
(p = 0.001) than in the control patients. In the Oulu University Hospital, it is a
practice to pause oral anticoagulation 2 days before CABG. There is increasing
evidence, however, that there is no difference in bleeding complications when
comparing patients undergoing diagnostic coronary angiography during
uninterrupted therapeutic warfarin treatment to patients with preprocedural
warfarin discontinuation (Annala et al. 2008). Gunn et al. (2014) demonstrated in
his study that, despite oral anticoagulation, bleeding events are infrequent after both
PCI and CABG and should not affect the treatment choice.
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2.3.7 New oral anticoagulants
In recent years, new oral anticoagulants (NOACs) have been released in the Finnish
market. Dabigatran (©Pradaxa) is a direct thrombin inhibitor used for the
prevention of venous thromboembolism after elective knee or hip arthroplasty, for
the treatment of acute venous thromboembolism, and for the prevention of ischemic
stroke in patients with atrial fibrillation. Rivaroxaban (©Xarelto) and apixaban
(©Eliquis) are direct factor X inhibitors used for the same indications as dabigatran.
Of these, only dabigatran has a specific antidote at this time. All these novel
anticoagulants have a short halflife, which may add some value in acute care
settings such as coronary artery bypass surgery in patients with a high risk of
bleeding. The lack of scientific evidence regarding the preoperative discontinuation
and the impact on perioperative bleeding, however, has limited the preoperative use
of these drugs in CAGB patients.
2.4

Comorbidities

2.4.1 BMI
As the incidence of obesity increases in western populations, more attention is
being focused on the effect of obesity on surgical outcomes. Obesity is often
classified according to body mass index (BMI) and is grouped into five categories
by the World Health Organization: underweight (BMI < 18.5), normal weight (BMI
18.50 to 24.99), overweight (BMI 25 to 29.99), obese (BMI 30 to 39.9), and
morbidly obese (BMI ≥ 40). Johnson et al. (2015) studied 78 762 patients
undergoing CABG or combined CABG/aortic valve replacement surgery. They
found overweight and obese patients to have lower rates of mortality and adverse
outcomes (e.g. postoperative bleeding) after cardiac surgery compared with normal
weight, underweight and morbidly obese patients. Similar findings has been made
in other studies; for example in a retrospective study of 290 CABG surgery patients,
Nolan et al. (2013) found overweight and obese BMI to be a significant
independent predictor of decreased intraoperative transfusion and postoperative
blood loss. Engel et al. also concluded that obese BMI was not an independent
predictor of morbidity or mortality after CABG, despite the comorbidities that are
often present with obesity. The exact mechanism behind these positive effects is
unknown.
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A lower BMI, on the other hand, has been shown to be a risk factor for reexploration for bleeding after CABG (Karthik et al. 2004, Mehta et al. 2009,
Johnson et al. 2015). CAGB patients with an underweight BMI also have the
greatest risk of mortality, prolonged ventilation, reoperation for bleeding, and renal
failure (Engel et al. 2009, Johnson et al. 2015).
2.4.2 Renal failure
Patients can be classified into four chronic kidney disease (CKD) stage classes by
estimated glomerular filtration rate calculated using the Cockcroft-Gault formula
(Table 2). Several studies have demonstrated that even a mild level of preoperative
renal dysfunction is an independent predictor of in-hospital and late mortality in
adult patients undergoing cardiac surgery (Litmathe et al. 2009, Howell et al. 2008,
Zakeri et al. 2005, Ix et al. 2005). The same type of effect has been noticed in
postoperative renal function; Brown et al. (2008) found in in a study population
over 13 500 patients that those with moderate to severe acute kidney injury after
CABG surgery have a worse 5-year survival compared to patients with normal or
near-normal renal function. In a study population of over 7 600 patients, Howell
et al. (2008) also detected a higher incidence in re-exploration for bleeding in
patients with decreased renal function.
Controversial conclusions have, however, also been made; Van Straten et al.
(2009) studied over 10 000 patients to determine how preoperative renal function
affects long-term survival after isolated coronary artery bypass. They classified
patients into 4 groups according to preoperative renal function, and found that only
patients with a creatinine clearance less than 30 ml/min showed a worse outcome
when compared with expected survival.
When compared to on-pump CABG, off-pump surgery is associated with a
reduced risk of postoperative renal dysfunction (Abu-Omar et al. 2012, Garg et al.
2014).
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Table 2. GFR1 categories in CKD2.
GFR category

GFR (ml/min/1.73 m2)

Terms

G1

≥ 90

G2

60–89

Mildly decreased3

G3

30–59

Moderately decreased

G4

15–29

Severely decreased

G5

< 15

1

Normal or high

Kidney failure

GFR, glomerular filtration rate, 2 CKD, chronic kidney disease, 3 Relative to young adults’ level. In the

absence of evidence of kidney damage, neither GFR category G1 nor G2 fulfill the criteria for CKD.

2.4.3 Anemia
The World Health Organization definition for anemia is a hemoglobin (Hb) level
under 130 g/l in men and under 120 g/l in women. Low preoperative hemoglobin
levels are common in patients undergoing cardiac operations and are often caused
by hospital acquired blood loss, iron-deficiency anemia, and anemia due to chronic
disease (that are unrelated to the operative procedure), all of which are readily
diagnosable and treatable (Engoren et al. 2014). Reasons for perioperative and/or
postoperative anemia related to surgical procedures are intraoperative blood loss
and hemodilution due to the use of cardiopulmonary bypass.
In coronary artery bypass surgery, when compared to a nonanemic group of
surgical patients, patients with preoperative anemia have a worse risk profile before
surgery: older age, higher EuroScore values, lower ejection fraction, lower
estimated glomerular filtration rate, and higher rates of diabetes mellitus, acute
myocardial infarction, and cardiogenic shock (Boening et al. 2011, Matsuda et al.
2013). Even when taking these risks into consideration, preoperative anemia in
CABG patients is associated with an increased postoperative mortality (Kulier et al.
2007, van Straten et al. 2009, Boening et al. 2011). In patients undergoing coronary
artery bypass surgery, preoperative anemia is also associated with longer lengths of
stay in oth ICU and hospital (Riera et al. 2009).
Apart from the distinct detrimental effects on outcomes of anemia, it is also
important because it is the driving force behind transfusions of red blood cells and
is frequently treated by RBC transfusions, which is associated with an increase in
late mortality (see more in chapter 2.8.1). Taken together, preoperative anemia and
RBC transfusion have been associated with an increased hazard of late mortality
when compared with transfusion in nonanemic CABG patients (Engoren et al.
2014).
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2.4.4 Thrombocytopenia
Thrombocytopenia is defined as a platelet count of under 150/nl.
Thrombocytopenic ICU patients have been reported to have a higher prevalence of
bleeding and greater transfusion requirements even with mild thrombocytopenia
(Strauss et al. 2002). The bleeding risk was observed to increase with the decrease
in platelet count (Strauss et al. 2002). CABG surgery was shown to be an
independent risk factor for ICU-acquired thrombocytopenia in a large, over 20 000
patients cohort study, in which thrombocytopenia was defined as a platelet
count > 100/nl (Williamson et al. 2013). The same study also found both prevalent
and incident thrombocytopenia in the ICU to be associated with an increased risk
of major bleeding and mortality.
Idiopathic thrombocytopenic purpura (ITP) is a relatively rare autoimmune
disorder with a low platelet count that may predispose to bleeding. Concomitantly,
these patients display an increased risk for thrombosis and atherosclerosis related
to a high presence of hemostatic factors and chronic steroid therapy (Russo et al.
2011). In a review article of 32 CABG patients with ITP, Russo et al. (2011)
reported a 12.5% rate of significant bleeding, and an approximately 3% rate of
surgical re-exploration, which indicates a moderate increase in bleeding risk
compared to the general population.
2.4.5 Age
As the human lifespan has increased over the decades, the incidence of coronary
artery bypass grafting surgery in elderly patients has also been increasing. When
compared to younger CABG patients (age 70 years or younger), the elderly patients
had postoperative complications more frequently, such as pulmonary complications,
inotropic drug use, intra-aortic balloon pump use, and infection (Sabzi et al. 2013).
Older age is also associated with an increased likelihood of intraoperative
transfusions (Nolan et al. 2013). Preoperative surgical risks such as chronic
obstructive pulmonary disease, myocardial infarction, and emergent surgery were
also more frequent in elderly patients (Sabzi et al. 2013).
2.4.6 Bleeding disorders
Inherited hemostatic abnormalities in coagulation factors or platelet function
causes improper blood clotting. It is estimated that up to 1% of the general
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population has a congenital bleeding disorder (Mensah & Gooding 2015). The
majority of these hereditary inherited bleeding disorders (HBDs) include the
hemophilias, von Willebrand´s disease, and inherited qualitative platelet defects.
The rest of the bulk is distributed between much rarer conditions.
The most common of the HBDs is von Willebrand´s disease (VWD), which
involves either a quantitative (type 1, 75% of all cases) or a qualitative (type 2)
defect in von Willebrand factor (vWF) or a marked decrease or absence of vWF
(type 3, rare). In primary hemostasis, the vWF is a multifunction protein that
mediates platelet to platelet and platelet to collagen adhesions and serves as a
carrier protein for circulating factor VIII. Hemophilias (Hemophilia A [Hem A] and
Hemophilia B [Hem B] being the most common types) are inherited, X-linked
recessive clotting factor deficiencies, which result in a deficiency of factor VIII and
factor IX. The severity of clinical expression is largely dependent on the baseline
factor level, by which hemophilia can be divided into severe (factor VII or
IX > 1%), moderate (1–5%) or mild (> 5%) types (Mensah & Gooding 2015).
There are no commonly accepted guidelines for the peri-operative treatment of
cardiac surgery patients with inherited bleeding disorders, nor are there many
recent studies on the matter. Bhave et al. (2015) retrospectively examined
seventeen patients with HBDs (hemophilia or VWD) who underwent cardiac
surgery. These patients underwent perioperative individualized factor replacement
protocol depending on their underlying condition, its severity, the cardiac
procedure performed, and postoperative events. They found that patients with
HBDs have more reoperations due to bleeding than non-HBD patients, but HBD
was not found to increase mortality. In conclusion, a successful surgical treatment
of HBD patients can be carried out safely with careful preoperative planning
employing a multidisciplinary approach (Bhave et al. 2015, Mensah & Gooding
2015).
2.4.7 Diabetes
Zhang et al. (2011) studied 100 217 patients undergoing CABG in a quantitative
meta-analysis; they concluded that patients with diabetes mellitus (DM) are at
increased risk of mortality, stroke, renal failure, sternal infection and blood
transfusion when compared to those without DM, despite evolving definitions of
DM and practice patterns.
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2.5

Technical factors

2.5.1 Off-pump vs. on-pump surgery
Several studies have found off-pump coronary artery bypass surgery to decrease
the need for transfusion and reoperation for bleeding when compared with
conventional coronary artery bypass grafting with cardiopulmonary bypass (CPB)
(Puskas et al. 2003, Lemma et al. 2012, Cakir et al. 2014, Dhurandhar et al. 2015).
Repeat CABG patients have higher transfusion rates when compared to patients
with primary surgery (Bracey et al. 1995). Dohi et al. (2015), however, found that
the off-pump technique decreased the need for blood transfusion in redo CABG.
2.5.2 Surgeon
Training cardiac surgeons have the potential to lead to longer operating times and
poorer patient outcomes because of the complexity and lack of minor cases in
cardiac surgery.
Trainee surgeons have been shown to have longer perfusion and crossclamp
times (Yap et al. 2009, Bakaeen et al. 2012, Saxena et al. 2013). Senior-level
cardiac surgeons have been found to perform more complex cases than surgeonsin-training, but no differences were found in clinical short- or long-term outcomes
(eg. bleeding, sternal infection, renal failure, stroke) were not found (Stoicka et al.
2008, Saxena et al. 2013, Almassi et al. 2015). Yap et al. (2009) found trainee
surgeries to have an increased risk for early postoperative myocardial infarction,
but they also concluded that CABG surgery performed by trainee within a
supervised program is a safe procedure with acceptable short- and midterm
outcomes. In addition, training has been demonstrated to not compromise graft
patency (Bakaeen et al. 2012).
An individual surgeon’s performance has, however, been found to
independently predict excessive bleeding in patients undergoing cardiac surgery
(Vuylsteke et al. 2011, Dixon et al. 2014).
2.5.3 Cardiopulmonary bypass (CPB)
Perioperatively, CPB affects the blood coagulation system via several mechanisms;
the contact between the blood and the extracorporeal circuit activates the intrinsic
pathway of coagulation (Davidson 2014); hemodilutional coagulopathy is caused
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by fluid administration and the use of cardioplegia and CPB prime (Davidson 2014);
the use of CPB pumps increase platelet activation and the risk of clot formation
(Besser et al. 2015); the administration of heparin increases coagulopathy
(Davidson 2014, Besser et al. 2015); the washing of shed blood removes the
activation products of hemostasis and re-transfusion of this shed blood can cause
further activation of coagulation system (Davidson 2014). A longer CPB duration
has been reported as an independent risk factor of re-exploration for bleeding
(Choong et al. 2007).
A minimized extracorporeal circulation has been developed in order to reduce
the negative effects associated with cardiopulmonary bypass (CPB). According to
Abdel et al. (2011), the mini-cardiopulmonary bypass (mini-CPB) system
decreased postoperative blood loss and blood transfusion when compared to
conventional CPB. Koivisto et al. (2010) found mini-CPB to be associated with
improved cerebral protection in high risk (EuroSCORE ≥ 6) CABG patients, but
found no statistical difference in postoperative bleeding or need for transfusion. In
a meta-analysis of 13 randomized trials, Biancari and Rimpiläinen (2009) found
that mini-CBP may be associated with a lower risk of postoperative stroke and
blood losses; due to the large heterogeneity of methods and the small number of
studies and patients, however, no clear conclusion could be drawn in that study.
2.5.4 Other technical factors/aspects
A prolonged operation/CPB time has been found to increase blood loss (Dixon et al.
2014). Also, the priority of the surgery has been proven to be associated with the
severity of postoperative bleeding; the bleeding risk increases in urgent/emergency
operations when compared to elective surgery (Vuylsteke et al. 2011, Dixon et al.
2014). In addition, combined surgery (coronary artery bypass + valve operation)
has been found to increase bleeding when compared to a single type of operation
(Vuylsteke et al. 2011).
2.6

Blood conservation strategies

2.6.1 Preoperative autologous blood donation
Preoperative autologous blood donation (PAD) is a procedure where the patient´s
own blood is preoperatively collected and stored and then transfused in elective
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surgery if needed. Over the last several years, there has been a significant
downward trend in the use of PAD. This can be explained by a combination of
several factors, including a decreasing real and perceived risk of disease
transmission through allogeneic transfusion, the adoption of better patient blood
management practices that have reduced the need for perioperative transfusion, and
the increasing logistical and cost constraints of PAD programs (Vassallo et al.
2015). The potential benefits and risks of PAD are listed in table 3. Vassallo et al.
(2015) recommend that PAD should be exclusively considered for patients with
RBC alloantibodies necessitating rare blood unavailable in volumes likely to be
required; those at serious psychological risk for refusal of necessary allotransfusion;
and, possibly, selected healthy individuals planning procedures with at least a 50%
risk of requiring 3 or more units of RBCs.
Table 3. Potential benefits and risks in using preoperative autologous blood donation
(PAD), modified from an article by Vassallo et al. 2015.
Potential benefits in using PAD

Potential risks in using PAD

Eliminates risk of transmitting allogeneic diseases

Increases risk of perioperative anemia and
transfusion events

Preserves the allogeneic blood supply during

Potential unit loss due to administrative issues, cold

shortages

agglutinins, and leukoreduction filtration failure or
other production losses

Decreases likelihood of procedural delay during

Adds risk of significant donation reactions for

shortages (because of the unit expiration date)

patients with cardiopulmonary and other disease
states

Reduces or abolishes risk of many allogeneic

Increasing donor inconvenience with fewer available

immunologic and allergic adverse reactions and

sites at greater distances as collection volumes

eliminates risk of alloimmunization

decline

Promotes transfusion acceptance in patients at

An expensive resource

psychological risk for refusal of blood
May fulfill rare blood needs for patients with high-

Catastrophic consequences for misadministration of

frequency or multiple alloantibodies

marker-positive banked units

2.6.2 Acute normovolemic hemodilution
In acute normovolemic hemodilutation (ANH), whole blood is removed, collected
and stored from a patient after induction of anesthesia and before the heparinization.
As blood is collected, the ANH volume is replaced with sufficient volumes of
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colloid and/or crystalloid fluid to maintain hemodynamic stability and
normovolemia. The main benefit of ANH is the availability of whole blood
containing RBCs, clotting factors and platelets for reinfusion when necessary. In a
couple of small studies, ANH was found to be ineffective in reducing the need for
allogenic transfusion and postoperative bleeding (Casati et al. 2002, Höhn et al.
2002). However, Goldberg et al. (2015) concluded in a 13 534 patient’s prospective
study that there is a significant association between ANH and reduced perioperative
RBC transfusion in cardiac surgery patients. They also found that a larger volume
of ANH provided the most profound reduction in RBC transfusions.
2.6.3 Intraoperative cell salvage
In cell salvage, the blood is collect from the surgical site and then the whole blood
or only the RBCs are infused back into patient. There are several methods for
achieving this, and some devices even perform centrifugal washing for removing
non-cellular material before reinfusion. Several studies have demonstrated a
reduction in postoperative blood loss (Carless et al. 2010, Vonk et al. 2013) and
transfusion requirements (Klein et al. 2008, Wang et al. 2009, Carless et al. 2010,
Vonk et al. 2013) in cardiac surgery patients when using intraoperative cell salvage.
In coronary artery surgery, autologous blood transfusion with cell saver use reduces
the use of intraoperative packed red blood cells and has been demonstrated to have
no (negative) effect on postoperative morbidity (Niranjan et al. 2006, Carless et al.
2010).
2.6.4 Mediastinal shed blood transfusion
In cardiac surgery, reinfusion of shed mediastinal blood is used to conserve
allogenic blood components. Sirvinskas et al. (2007 and 2005) found postoperative
re-infusion of autologous RBCs processed from shed mediastinal blood to not
increase bleeding tendency and to reduce the requirement for allogeneic transfusion
when compared to those patients whose mediastinal blood was discarded. They
also concluded that re-infusion was effective in reducing the rate of infective
complications and the length of postoperative in-hospital stay.
Similar findings were reported by Folkersen et al. (2011), who concluded in
their study that, in over 620 consecutive cardiac surgery patients receiving
reinfusion of shed mediastinal blood, the amount of postoperative drainage and the
allogenic blood transfusion (but no FFP or platelets transfusion) was decreased.
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2.7

Pharmacological interventions for bleeding

2.7.1 Antifibrinolytics
Aprotinin
Diffuse microvascular bleeding is usually treated with antifibrinolytics in or after
cardiac procedures. Aprotinin is a broad-spectrum serine protease inhibitor, which
was withdrawn from the market in some countries due to its serious side-effects,
e.g. increased risk of mortality (Fergusson et al. 2008). Aprotinin is known,
however, to have the highest potential in antifibrinolytics to reduce perioperative
blood loss, the amount of blood transfusion, and re-exploration for bleeding and
there some rise in criticism over its withdrawal has been seen (Dhir 2013,
Beckerman et al. 2013).
Tranexamic acid
Epsilon-aminocaproic acid (EACA) and tranexamic acid are synthetic lysine
analogues that prevent fibrinolysis by inhibiting the plasmin-plasminogen system.
Tranexamic acid dosing varies between 30 to 100 mg per kilogram.
In a large systematic review, lysine analogues effectively reduced blood loss
and the need for RBC transfusion, but they did not decrease reoperation rate (Henry
et al. 2011). These positive effects were also found in the use of low-dose
tranexamic acid (Ghaffari Nejad et al. 2012, Esfandiari et al. 2013). No significant
difference was observed when comparing the efficacy of EACA and tranexamic
acid together (Henry et al. 2011, Raghunathan et al. 2011). In a study of over 4 600
CAGB patients, Myles et al. (2017) found tranexamic acid to be associated with a
lower risk of bleeding than placebo, without a higher risk of death or thrombotic
complications within 30 days after surgery. In a meta-analysis of ten studies,
however, tranexamic acid was found to be associated with a higher risk of
postoperative seizures and the incidence rate of seizures increased when the dose
levels increased (Lin & Xiaovi 2016).
There has been increasing evidence that the topical application of
aminocaproic acid may decrease postsurgical bleeding after major surgical
procedures, but further data is needed regarding the safety of this hemostatic
approach (Ipema & Tanzi 2012).
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2.7.2 Protamine
Protamine sulfate binds heparin and is a standard therapy for reversing heparin
anticoagulation during cardiac surgery. Hemodynamic responses to protamine are
common, ranging from minor perturbations to cardiovascular collapse, and are
related to in-hospital mortality after coronary artery bypass surgery (Welsby et al.
2005, Wang et al. 2013). These responses occur in slightly over 2% of patients after
CPB (Wang et al. 2013).
Protamine administration can be administered as a fixed dose based on ACT
and the amount of heparin given, or by titrating the dosage according to plasma
heparin concentration. In a meta-analysis of four randomized controlled trials with
507 patients undergoing cardiac surgery with CPB, Wang et al. (2013) found
titrated protamine dosing to be associated with significantly lower postoperative
blood loss and need for RBC transfusion when compared to standard protamine
dosing. Similar findings were made by Vonk et al. (2014), who concluded that
individualized heparin and protamine management decreases the protamine-toheparin ratio, thereby improving postbypass thromboelastometric hemostatic
parameters, and reducing the incidence of severe blood loss.
2.7.3 PCC
Prothrombin complex concentrates (PCCs) are derived from a plasma pool,
containing vitamin K-dependent coagulation factors (II, VII, IX and X), and are
mainly used for the reversal of the anticoagulant effect of vitamin K antagonists
(VKAs, eg. warfarin). Due to the limited amount of controlled clinical studies,
PCCs are not yet recommend by guidelines. However, PCCs are used in some
countries in addition to or instead of fresh frozen plasma (FFP) (Arnekian et al.
2012).
In a small, retrospective study, Arnekian et al. (2012) found that an
administration of PCC significantly decreases postoperative bleeding after CPB
with no association of thromboembolic complications. In a small, randomized study,
Demeyere et al. (2010) compared intraoperative administration of PCC to FFP in
reversing anticoagulant effect of warfarin, and found PCC to be safer, faster and to
cause less bleeding than FFP. Goldstein et al. (2015) also studied patients needing
VKA reversal for urgent surgical or invasive interventions in a randomized, open
label study and found PCC to be non-inferior and superior to plasma for rapid INR
reversal and effective hemostasis.
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2.7.4 Cryoprecipitate
Cryoprecipitate is a cold insoluble portion of fresh frozen plasma (FFP) that
precipitates from controlled thawing of FFP at 1–6 degrees of Celsius. It is an
allogeneic blood product containing higher molecular weight proteins such as
Factor VIII, von Willebrand´s Factor, fibronectin, Factor XIII and fibrinogen.
Cryoprecipitate (CPP) is most commonly used to replenish fibrinogen levels in
patients with acquired coagulopathy, such as in clinical settings with hemorrhage
including cardiac surgery, trauma, liver transplantation, or obstetric hemorrhage.
CPP is recommended for supplementation when plasma fibrinogen levels decrease
below 1 g/l; however, this threshold is empiric and is not based on solid clinical
evidence (Nascimento et al. 2014).
Because cryoprecipitate is a pooled product that does not undergo pathogen
inactivation, its administration has been associated with a number of adverse events
such as transmission of infectious diseases, transfusion-associated circulatory
overload, and transfusion-related acute lung injury (Nascimento et al. 2014). There
are only a small number of studies concerning the use of CPP in cardiac surgery,
even though it is most commonly used in cardiac patients. In a retrospective
analysis of 1 714 propensity-matched cardiac surgery patients, Shaw et al. (2014)
found blood transfusion, specifically cryoprecipitates, to be independently
associated with an increased 5-year mortality. Because of these safety concerns,
along with an increasing use of other alternative fibrinogen preparations, CPP has
been withdrawn from use in a number of European countries.
2.7.5 rFVIIa
Recombinant factor VIIa (rFVIIa) is used in patients with hemophilia and inhibitors
to coagulation factors VIII or IX, FVII deficiency, and acquired hemophilia for the
prevention and/or treatment of surgical related bleeding. Activated factor VII
involves the generation of thrombin by initial binding to tissue factor and
subsequent activation of factor X on the platelet surface; activated factor X in
combination with factor V leads to localized thrombin formation (Despotis et al.
2005).
Several small studies have demonstrated that rFVIIa decreases bleeding
(Diprose et al. 2005, Karkouti et al. 2005, Raivio et al. 2005, Filsoufi et al. 2006,
Pavani et al. 2015) and the need for transfusion (Raivio et al. 2005, Filsoufi et al.
2006, Masud et al. 2009). There is some increasing concern over a small increase
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in the number of critical serious adverse events, including stroke, in patients treated
with rFVIIa (Raivio et al. 2005, Gill et al. 2009). These findings are not, however,
statistically significant, and the issue still requires further examination.
2.8

Use of blood products

2.8.1 Red blood cells
The predictors for the need for RBC transfusion after isolated CABG are: female
gender (Kuduvalli et al. 2005, Surgenor et al. 2009, Sandoughdaran et al. 2013),
advanced age (Kuduvalli et al. 2005, Ferraris et al. 2005, Surgenor et al. 2009,
Paone et al. 2014), small body size/low BMI (Kuduvalli et al. 2005, Ferraris et al.
2005, Surgenor et al. 2009, Stone et al. 2012, Paone et al. 2014), extent of disease
(Kuduvalli et al. 2005), low preoperative hemoglobin (, Kuduvalli et al. 2005,
Ferraris et al. 2005, Surgenor et al. 2009, Stone et al. 2012, Sandoughdaran et al.
2013), low hematocrit (< 40%) (Sá et al. 2011, Paone et al. 2014), comorbid
illnesses (Ferraris et al. 2005, Surgenor et al. 2009), renal dysfunction (Kuduvalli
et al. 2005, Stone et al. 2012), prior CABG (Kuduvalli et al. 2005, Stone et al.
2012), performing CPB (Kuduvalli et al. 2005, Sá et al. 2011, Sandoughdaran et al.
2013), multiple bypasses/number of grafts (Kuduvalli et al. 2005, Sá et al. 2011),
preoperative antiplatelet or antithrombotic drugs (Ferraris et al. 2005), reoperative
or complex procedures (Ferraris et al. 2005, Stone et al. 2012), and emergency
operations (Ferraris et al. 2005, Paone et al. 2014).
Perioperative RBC transfusion after CABG is associated with an increased risk
of mortality during a 1-year follow-up period, with a large proportion of deaths
occurring within 30 days. (Kuduvalli et al. 2005)
Several studies suggest that RBC transfusion may be harmful by increasing the risk
of
–
–
–
–
–
–
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mortality (Surgenor et al. 2005, Koch et al. 2006, Paone et al. 2014),
renal failure (Koch et al. 2006, Stone et al. 2012, Paone et al. 2014),
initial ventilator time (> 8 h) (Paone et al. 2014),
prolonged ventilatory support (Koch et al. 2006, Stone et al. 2012, Paone et al.
2014),
serious infection (Koch et al. 2006, Möhnle et al. 2011, Stone et al. 2012),
cardiac complications (Koch et al. 2006, Möhnle et al. 2011, Stone et al. 2012),

–
–
–
–
–
–
–
–
–
–

increased troponin I release (Biancari & Kinnunen 2014),
neurologic events (Koch et al. 2006),
permanent stroke (Paone et al. 2014),
vasoplegia (Alfirevic et al. 2011),
atrial fibrillation (Stone et al. 2012, Paone et al. 2014),
reoperation for bleeding (Paone et al. 2014),
reoperation (Stone et al. 2012),
repeat revascularization (Stone et al. 2012),
total ICU time (> 24 h) (Stone et al. 2012, Paone et al. 2014),
postoperative length of stay (> 7 days)/increased duration
hospitalization (Stone et al. 2012, Paone et al. 2014).

of

total

In spite of the evidence suggesting a significant morbidity associated with blood
transfusions, the use of blood and blood products remains high in cardiac surgery.
Some reports have described a dose-dependent relationship between the
number of RBC units transfused and mortality after cardiac surgery (Whitson et al.
2010, van Straten et al. 2010, Stone et al. 2012, Paone et al. 2014). The data is
conflicting however, as to whether a threshold exists at which this association
emerges. Surgenor et al. (2005) and Paone et al. (2014) reported that even 1 to 2 U
of transfused RBCs was significantly associated with increased morbidity and
mortality, whereas van Straten et al. (2010) found that only transfusion of ≥ 3 U
correlated with reduced survival.
Bracey et al. (1999) speculate that lowering the hemoglobin threshold for
RBC transfusion from 90 to 80 g/l after coronary artery bypass graft surgery would
reduce blood use without adversely affecting patient outcome.
2.8.2 Fresh frozen plasma
Fresh frozen plasma (FFP) is obtained from whole blood and frozen within 8 hours
of collection. It contains procoagulant factors such as fibrinogen and factors II, V,
VII, VIII, IX, X and XI. It also contains anticoagulants such as protein C, protein
S and antithrombin, along with a large number of proteins (e.g. immunoglobulins,
albumin, and acute phase proteins). In cardiac surgery, FFP is administered to
reduce bleeding prophylactically or therapeutically. Kasper et al. (2001), however,
found no evidence supporting the prophylactic administration of a therapeutic dose
of autologous FFP after CPB for preventing bleeding or transfusion of blood.
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Octaplas® is a form of solvent-detergent-treated, virus-inactivated fresh frozen
plasma. It is used for patients specifically requiring replacement of the labile
clotting factors or other proteins with poor storage stability. It was made with the
aim of reducing the risk of transmitting lipid-enveloped viruses and transfusionrelated acute lung injury through blood transfusions.
In a systematic review, Desborough et al. (2015) found no significant
difference in blood loss, need for re-operation or mortality between cardiac surgery
patients who received FFP and those that did not.
2.8.3 Platelets transfusion
The decision of transfusion of platelets is often made empirically if microvascular
bleeding persists after adequate heparin reversal after CPB. Furthermore,
preoperative antiplatelet medication reduces the clinical threshold.
Platelet transfusion has been reported to increase morbidity and mortality after
cardiac surgery (Spiess et al. 2004) but prior studies were limited by confounding
variables including red blood cell (RBC) transfusions. McGrath et al. (2008)
published a prospective study of platelet transfusion and patient’s outcome in
32 298 patients who underwent CABG, isolated valve, or combined CABG and
valve procedure. After risk adjustment with both multivariable regression and
propensity methods, platelet transfusion was not found to increase morbid events
after cardiac surgery, even though these patients returned to the operating room for
bleeding more frequently. Furthermore, Welsby et al. (2010) found no association
between platelets storage age (currently limited to 5 days) and short-term outcome,
survival, or postoperative infections.
2.9

Monitoring of coagulation

2.9.1 ACT
Activated clotting time (ACT) represents whole blood clotting time and is linearly
related to the concentration of heparin in the blood specimen. The ACT test is a
gold standard assay for monitoring anticoagulation during extracorporeal life
support in cardiac theatres because of its advantages over laboratory tests (Spinler
et al. 2005): shorter time between sampling and results; smaller blood sample size;
availability to have test performed by non-lab personnel; reduced errors associated
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with sample mislabeling/mishandling; decreased risk of sample degradation with
time. The target level for ACT is 400s in cardiac surgery.
Heparin resistance is defined as the inability to achieve the target ACT using
an adequate, weight-based heparin dose. Any value below the ideal ACT value
raises the concern that the patient is not fully anticoagulated, which may in turn
result in excessive activation of the hemostatic system by the CPB (Finley &
Greenberg 2013). Due to the complex nature of cardiac surgery and the multiple
variables present, ACT does not solely depict heparin´s anticoagulant effect.
Variables which can alter ACT results include hypothermia, hemodilution,
aprotinin, platelets, etc. (Horton & Augustin 2013), all of which are commonly seen
in cardiac surgery. A small prospective randomized study found ACT-based heparin
and protamine dosing to have the same effect on hemostasis than individual
titration curves (Radulovic et al. 2015).
2.9.2 Thrombelastography (TEG) or thromboelastometry (ROTEM)
Peri-operative platelet dysfunction is thought to be one of the main causes of
postoperative bleeding (Corredor et al. 2015). Point-of-care (POC) platelet
function tests, such as the TEG and ROTEM, have been devised to detect platelet
dysfunction. They provide a graphic representation of clot formation and the
subsequent lysis (Johansson et al. 2012). Blood in a heated cup is incubated at
37 ºC and within the cup a pin is suspended connected to a detector system (a
torsion wire in TEG and an optical detector in ROTEM). The cup and pin are
rotated relative to each other through an angle of 4º45´. The movement is initiated
either from the cup (TEG) or the pin (ROTEM). As fibrin forms between the cup
and pin, the transmitted rotation from the cup to pin (TEG) or the impedance of the
rotation of the pin (ROTEM) are detected at the pin and a trace generated
(Johansson et al. 2009). The trace differs according to different pathological states.
Different values can be determined from the trace: clotting time corresponding to
the initiation phase of hemostasis, clot formation time reflecting the amplification
phase, and clot strength and stability.
In cardiac surgery, TEG and ROTEM have been used to predict blood loss and
transfusion requirements. Two prospective, randomized studies showed that the use
of a TEG-guided algorithm reduced the consumption of blood products in CABG
surgery (Agarwal et al. 2015, Ak et al. 2009). Corredor et al. (2015) reached the
same conclusion in their systematic review and meta-analysis; the inclusion of POC
platelet function tests into transfusion management algorithms is associated with a
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reduction in blood loss and transfusion requirements in cardiac surgery patients.
TEG has also been found to be useful for the identification of post-CPB bleeding
complications (Hertfelder et al. 2005). Venema et al. (2010) found that TEG and
ROTEM measurements are not interchangeable.
2.10 Clinical implications of severe bleeding
Excessive bleeding after cardiac surgery and its treatment are associated with the
risks related to exposure to allogeneic blood and with significant use of hospital
resources. Major bleeding is an independent risk factor for increased 30-day
mortality (Ranucci et al. 2013). Re-exploration after cardiac surgery is a dreaded
bleeding-related complication, as it is associated with significant mortality and
morbidity (Moulton et al. 1996, Karthik et al. 2004, Ranucci et al. 2008).
Centofanti et al. (2007) found that early reoperation for bleeding was
independently associated with an increased risk of sternal wound infection, which
causes considerable extra morbidity, mortality and costs after cardiac surgery, but
also prolonged time for re-exploration is associated with a higher risk of
complications after CAGB surgery (Karthik et al. 2004).
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3

Aims of the present research

The aim of this study was to determine the risk factors and effects of perioperative
bleeding and blood transfusion in isolated CABG patients. The detailed aims of the
original articles were
I
II
III
IV
V
VI

to evaluate the effects of preoperative ASA discontinuation on the patient’s
outcome after CABG.
to assess the safety of therapeutic oral anticoagulation (TOAC) in patients
undergoing CABG surgery.
to estimate the mpact of individual surgeon’s performances on blood loss and
need for re-exploration after CABG.
to evaluate the impact of re-exploration for bleeding after cardiac surgery on
the patients immediate postoperative outcome.
to study the impact of blood transfusion on the development of post-operative
stroke after CABG.
to investigate the impact of the transfusion of blood products on intermediate
outcome after CABG.
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4

Material and methods

Table 4. Characteristics of the studies.
Study
Low-dose ASA

Patients (n) Study period Study hospitals

Study type

859

2008–2010 OYS, TYKS, Vaasa Retrospective

270

2004–2009 OYS, TYKS

discontinuation
TOAC discontinuation
Individual surgeons´ impact

2 001

Re-exploration for bleeding

557 923

2006–2011 OYS
2011 -

Retrospective
Prospective clinical registry
Meta-analysis

Blood transfusion

2 226

2008–2010 OYS, TYKS, Vaasa Prospective clinical registry

Blood transfusion and

2 001

2006–2011 OYS

Prospective clinical registry

intermediate survival

In our studies, the EuroSCORE risk analysis was used to assess the patients´
operative risk. Intravenous heparin was used after sternotomy and was neutralized
at the end of the procedure with protamine sulfate. If necessary, protamine was
administered for bleeding during closure of the chest or within the first
postoperative hour according to the ACT. Aprotinin was not used. Tranexamic acid
was used intraoperatively according to the anesthesiologist´s orders and in Turku
University Hospital postoperatively for bleeding. Enoxaparin was started
postoperatively according to the patient´s weight on the evening of the day of
surgery. ASA was restarted on the first postoperative day. Warfarin was started on
the first postoperative day in patients on chronic oral anticoagulation or started de
novo in case of persistent atrial fibrillation. Clopidogrel was used postoperatively
in these patients only in case of allergy to ASA or recent percutaneous coronary
intervention. In the ASA study, clopidogrel was not used postoperatively. All blood
lost during the operation was collected in the cell saver reservoir, and washed,
salvaged RBCs were autotransfused during or at the completion of the operation.
Mediastinal blood/fluid was collected after surgery in a sterile collection chamber
connected to 15 cm H2O wall suction via an underwater seal and then discarded.
Platelets and FFP were transfused according to the quantity of bleeding, the
patient´s INR, and platelet count. On the day of the operation, RBC transfusion
threshold was set at 90 g/l. Later, RBCs were transfused if hemoglobin was under
80 g/l. Stroke was defined as a new neurologic deficit following surgery and lasting
over 24 hours accompanied by new structural changes in computed tomography or
magnetic resonance imaging. In the absence of structural changes at imaging, the
diagnosis of stroke was made clinically by a neurologist. Renal failure was defined
as postoperative renal failure requiring temporary or prolonged dialysis. Low47

cardiac-output syndrome was defined as a postoperative cardiac index of
2.0 l/min/m2 or less, measured at 2 different times. Follow-up was complete for all
patients, and data on causes and date of death were acquired from the Finnish
National Registry Statistics Finland.
For more details, see the original articles.
4.1

Study I

The study of low-dose ASA discontinuation compared patients who used ASA
(100 mg/day) within 3 days before CAGB surgery to those whose ASA was
discontinued more than 3 days before surgery. The cutoff for the timing of ASA
discontinuation was based on a preliminary analysis of the overall series. The
exclusion criteria for the study population were preoperative use of other
antiplatelet or anticoagulant drugs than ASA and only elective CABG patients were
included. ASA was restarted during the first postoperative day. The primary
outcome measurements were in-hospital death, stroke, new-onset renal failure
requiring dialysis, re-exploration for excessive bleeding, use of blood products, and
length of stay in the intensive care unit. Turku University Hospital also measured
the release of troponin I among the other secondary outcome end-points. The
composite outcome end-point included in-hospital death, low-cardiac-output
syndrome, de novo dialysis, stroke, re-exploration for excessive bleeding, or an
intensive care unit stay ≥ 5 days.
Statistical analyses were performed using the PASW 18 statistical software
(IBM SPSS, Inc, Chicago, IL). Continuous variables are reported as mean standard
deviations and as median when indicated. For univariate analysis, the MannWhitney test, Kruskal-Wallis test, Pearson´s chi-squared test, and Fisher exact test
were used. The treatment groups were likely to differ markedly with respect to the
pretreatment covariates. Thus, such differences were accounted for by developing
a propensity score for the timing of ASA discontinuation. Logistic regression with
backward selection was performed to calculate the risk, the so-called propensity
score, of these patients to be included in the study groups. Variables having a pvalue < 0.2 at univariate analysis were included in the logistic regression model.
Variables included in the regression analysis were also chosen for clinical
considerations to avoid over fitting of the regression model. Therefore,
hypertension and type of graft were not included in the model, as these parameters
were deemed unlikely to affect the immediate outcome of these patients. In addition,
as there was a major imbalance between the study groups in the number of patients
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who underwent surgery with epiaortic ultrasound and this likely affected the
detection of a diseased ascending aorta, only epiaortic ultrasound was included in
the regression analysis. To elucidate this issue further, a separate analysis of the
outcome of these patients was performed based on the status of the ascending aorta
as determined by epiaortic ultrasound.
ROC curve analysis was used to estimate the area under the curve of the model
predicting the probability of being included in any of the study groups. The
calculated propensity score was used for 1-to-1 matching, to adjust for other
variables in estimating their impact on the postoperative outcome at multivariate
analysis and for stratification, i.e., analysis of outcome events in quartiles of
propensity score. The latter analysis was performed by defining quartiles, i.e., in 4
equal parts, of the propensity score. In fact, the propensity score can be stratified
usefully, as it can balance the distribution of the preoperative covariates in the
treatment groups in ordered subclasses of propensity score without excluding any
patient from the analysis as otherwise occurs in 1-to-1 propensity score matching.
In our study, stratification in quintiles could not be used because of the limited size
of the database. We performed one-to-one propensity score matching between
study groups according to a difference in the propensity score of 0.005 among
patients in the study groups. Logistic regression with backward selection was used
to adjust the effect of preoperative aspirin discontinuation on the propensity score.
The impact of preoperative ASA discontinuation on postoperative troponin I
release was evaluated using repeated-measures test.
4.2

Study II

The TOAC discontinuation study compared 103 patients who underwent CAGB
during therapeutic oral anticoagulation (TOAC group, INR 2.0–3.5) to a control
group of 81 patients in whom preoperative INR was subtherapeutic (INR ≤ 1.5).
Stroke risk was estimated using the CHADS2 index (Gage et al. 2001), in which 1
point is given for congestive heart failure, 1 point for hypertension, 1 point for age
over 75 years, 1 point for diabetes and 2 points for prior stroke or transient ischemic
attack. CHADS2 was used, even though it has mainly been validated for patients
with atrial fibrillation (Gage et al. 2001). The most common strategy in elective
surgery is to discontinue warfarin two days prior to surgery with no preoperative
heparins. Only selected patients with acute coronary syndrome or with a prior
mechanical heart valve used preoperative enoxaparin. ASA and/or clopidogrel were
discontinued for 5 to 7 days when feasible, i.e. when the patient's condition was
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stable enough to allow a delay in surgery for a few days. Warfarin was restarted on
the first postoperative day if significant bleeding did not occur.
The primary in-hospital outcomes were death, stroke, myocardial infarction,
new onset renal failure, and resternotomy due to postoperative hemorrhage. The
composite of major adverse events was defined as any of the above complications
during the index hospitalization. Consumption of blood products and length of stay
in the intensive care unit and total hospital stay were also evaluated.
All data were analyzed using the SPSS statistical software (SPSS v. 16.0.1,
SPSS Inc., Chicago, Ill., USA). Following a test of statistical normality, continuous
variables are shown as mean ± standard deviation or median and 25th–75th
interquartile range (IQR) as appropriate. Spearman's test, chi-square test, Fisher
exact test, and the Mann-Whitney test were used for univariate analysis. Logistic
regression with backward selection was performed to calculate the risk of these
patients being included in either the TOAC or the control group. Variables with a
p < 0.2 at univariate analysis have been included in the regression model. ROC
curve analysis was also used to assess the impact of continuous variables on
dichotomous outcome end-points. Logistic regression was used to adjust the impact
of TOAC on the outcome end-points for other variables. A p < 0.05 was considered
statistically significant.
4.3

Study III

The study of individual surgeons´ impact on the outcome included 12 surgeons.
Two surgeons had about 2 years of post-residency experience and the others had 9
years of post-residency experience. Neither the surgeons or the anesthesiologists
were aware of the study at the time of surgery. Patients were allocated to surgeons
in order to achieve a homogenous caseload for each staff member without matching
the operative risk to the experience of a particular surgeon. A higher operative risk
was expected, however, in patients whose surgeries were performed by surgeons
who were on call more frequently during the study period. Because of this potential
bias, emergency surgery, additive EuroSCORE, and other important clinical
variables were chosen to adjust the impact of individual surgeons.
Patients who were on long-term anticoagulation and referred for elective
surgery had warfarin discontinued 2 days before surgery, and enoxaparin was only
used preoperatively in patients with an acute coronary syndrome or with a
mechanical heart valve. Clopidogrel and/or ASA were discontinued for 5 and 7
days, respectively, when feasible.
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Re-exploration was indicated in occurrences of
1.

2.
3.
4.
5.
6.

drainage > 500 ml during the first postoperative hour, > 400 ml during each of
the first 2 hours, > 300 ml during each of the first 3 hours, or > 1 000 ml in
total during the first 4 hours;
continuous bleeding throughout the first 12 hours, leading to total
bleeding > 100 ml/h;
sudden massive bleeding;
obvious signs of cardiac tamponade secondary to active or previous bleeding;
cardiac arrest of a patient who continued to bleed; and
excess bleeding despite the correction of coagulopathies.

According to these criteria, re-exploration performed a few days after surgery
because of cardiac tamponade caused by a significant amount of intrapericardial
hematoma and/or frank blood was considered re-exploration for excessive bleeding.
For this study, the primary outcome measurement was the re-exploration for
excessive bleeding. The secondary outcome measurements were the amount of
postoperative blood loss from surgical drains, 30-day mortality, low-cardiac-output
syndrome, new-onset renal failure requiring dialysis, stroke, resternotomy for
mediastinitis, and length of stay in the intensive care unit. Postoperative blood loss
was defined as the amount of blood lost from surgical drains measured on the
morning of the first postoperative day or in the afternoon/evening in patients who
underwent night-time surgery. Postoperative blood loss was dichotomized
according to 95th percentiles of postoperative blood loss (1 600 ml).
All data were analyzed using the PASW 18 statistical software (IBM SPSS, Inc,
Chicago, IL). Continuous variables are reported as mean standard deviation or
median and interquartile range. The Pearson chi-squared test, the Fisher exact test,
and the Monte Carlo method were used as appropriate for the univariate analysis
of nominal and ordinal variables. The Kruskal-Wallis and Mann-Whitney tests
were used for the univariate analysis of continuous variables. Survival analyses
were performed using the Kaplan-Meier test. Logistic and linear regression with
backward selection was used for the multivariate analysis to identify the
independent predictors of the immediate postoperative outcome. Only variables
with a p-value < 0.20 at univariate analysis were included in the regression model.
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4.4

Study IV

The meta-analysis on re-exploration for bleeding was performed in accordance
with the Cochrane Handbook for Systematic Reviews (Higgins & Altman 2008).
An English-language literature review was performed through PubMed, Scopus,
Science Direct, and Cochrane Libraryfor any study up to January 2011 evaluating
outcome after re-operation for bleeding subsequent to adult cardiac surgery. The
words used in the search were: ‘re-exploration’, ‘reoperation’, ‘resternotomy’, and
‘bleeding’ combined with ‘coronary artery bypass’, ‘coronary bypass’, ‘myocardial
revascularization’, ‘aortic valve’, ‘mitral valve’, ‘ascending aorta’, and ‘cardiac
surgery’.
The reference lists of the articles obtained were also searched. For this analysis,
we considered both prospective and retrospective observational studies published
in the English language as full-length articles and reporting on the outcome of
patients who underwent re-exploration for bleeding after adult cardiac surgery.
Studies including re-exploration for causes other than major postoperative bleeding
were excluded. We restricted this analysis to studies published after year the 1980
to avoid any major bias in terms of medical and surgical-treatment approaches. We
did not include unpublished data or data reported in only abstract form in this study.
We applied the guidelines for the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) (Stroup et al. 2000).
The primary outcome end-point was immediate postoperative mortality
defined as any death occurring during in-hospital stay or during the 30-day
postoperative period. The secondary outcome end-points were stroke, acute renal
failure, need of intra-aortic balloon pump, sternal wound infection, and prolonged
mechanical ventilation. Sternal wound infection was defined as any deep wound
infection or mediastinitis. Acute renal failure was defined as an increase in
postoperative serum concentration of creatinine > 200 μmol/l or need of dialysis.
Prolonged mechanical ventilation and stroke were reported, as originally defined
by the authors.
Statistical analysis was performed using Review Manager 5.0.18 software
(Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2008)
(Stroup et al. 2000). Differences in continuous variables were reported as mean
differences with 95% confidence interval (95% CI). Differences in preoperative
and outcome dichotomous variables were reported as risk differences (RD) with
95% CI. The pooled risk of adverse event was expressed as a risk ratio (RR) with
95% CI. The natural logarithm of adjusted odds ratio (OR) and the estimated
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standard error of each study were entered into Review Manager to estimate pooled
adjusted OR for in-hospital mortality by generic inverse variance analysis. The
standard error of each retrieved adjusted OR was estimated using the following
formula: ln SE = (ln of upper confidence limit – ln of lower confidence limit)/3.92.
Generic inverse variance analysis was first performed for adjusted ORs obtained
from the multivariate analysis only, and then by also including unadjusted ORs
estimated from propensity score- matched pairs. Heterogeneity has been assessed
by using the I2 statistic. An I2 < 40% was considered as nonimportant heterogeneity.
In cases of important heterogeneity, we used the random-effects analysis; otherwise
we used fixed-effect analysis. Because of the small number of studies included
herein, we did not perform meta-regression analysis. Instead, sensitivity analysis
was performed according to the type of surgery, mid-date of studies, and timing of
re-exploration.
4.5

Study V

This study evaluated the impact of blood transfusion on the development of postoperative stroke after CABG. ASA was discontinued preoperatively in most of the
patients undergoing elective surgery and administered until the day of surgery in
patients with acute coronary syndrome.
The main outcome end-point was stroke. Secondary outcome end-points were
in-hospital death, new onset renal failure requiring dialysis, re-exploration for
excessive bleeding, use of blood products and duration of stay in the intensive care
unit. A composite outcome end-point included in-hospital death, stroke, low
cardiac output syndrome, re-exploration for excessive bleeding, de novo dialysis,
or an intensive care unit stay ≥ 5 days. Statistical analysis was performed using the
PASW version 18 statistical software (IBM SPSS Inc., Chicago, IL, USA).
Continuous variables are reported as the mean ± standard deviation. Pearson's chisquare test, Fisher's exact test and Mann-Whitney's test were used for univariate
analysis. Correlations between continuous variables were assessed by Spearman's
test. Logistic regression with the help of backward selection was used for
multivariate analysis. Only variables with a p < 0.050 at univariate analysis were
included in the logistic regression model.
We estimated the prognostic impact of blood transfusion by defining a priori
classes of increasing amount of transfused blood products according to the type of
blood product (red blood cells units: 0, 1–2 units, or > 2 units; platelet units: 0, 1–
8 units, or > 8 units; Octaplas units: 0, 1–4 units, or > 4 units). The sum of these
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classes was used to estimate the overall amount of blood products and to identify
those patients who received large amount of blood products. This was done
assuming that only patients who received > 2 units of red blood cells, > 4 units of
Octaplas and/or > 8 units of platelets were those at higher risk of transfusion-related
adverse events. These cut-off values were later confirmed by classification and
regression tree analysis (CART). CART analysis was performed to identify
independent risk factors for post-operative stroke. Validation of the classification
tree procedure was assessed by cross-validation through 25 folds. The minimum
number of patients for the parent node was set at 30 and the minimum for the child
node was 1. The maximum classification tree depth was 5. Gini's method was used
to measure impurity, which is the extent to which a node does not represent a
homogenous subset of cases. A minimum change in improvement was set at 0.0001.
ROC curve analysis was used to estimate the area under the curve of probabilities
values estimated by the CART analysis model outcome. We observed that patients
who received all three types of blood products had a significantly higher risk of
stroke compared to those who did not receive any blood transfusion. These two
groups differed markedly with respect to pre-operative co-variables; such
differences between the study groups, i.e. patients who did not receive any blood
product and those who received red blood cells, Octaplas and platelet transfusion,
were accounted for by developing a propensity score for the treatment method.
Propensity score analysis was used to control for all known patients' factors that
might be related to the decision to administer blood products, and thus potentially
to the outcome of interest. The propensity score was calculated by logistic
regression with backward selection by including clinical variables with a certain
difference between the study groups as indicated by p < 0.050 in univariable
analysis. ROC curve analysis was used to estimate the area under the curve of the
model, predicting the probability of being included in the study groups. The
calculated propensity score was only employed for one-to-one matching, as our
purpose was to identify two study groups with similar characteristics in order to
fulfill the criteria of comparability. One-to-one propensity score matching between
study groups was performed according to a difference in the logit of propensity
score of less than 0.04 between each pair of patients in the study groups. Such a
caliper width was equal to 0.2 of the standard deviation of the logit of the herein
calculated propensity score. Standardized differences were estimated to compare
the means of continuous and binary variables between the study groups.
Standardized differences less than 0.1 were taken to indicate a negligible difference
in the mean or prevalence of covariates between the study groups. The propensity
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score was used to adjust transfusion of all three types of blood products in
predicting postoperative stroke.
4.6

Study VI

In this study, we collected data on the use of blood products (RBC, platelets, FFP,
and Octaplas®) during the operation day up to 30 days after surgery from a
prospective computerized database (VerSo).
The primary outcome end-points of this study were all-cause and cardiac
mortality. Secondary outcome end-points were 30-day mortality, low cardiac output
syndrome (cardiac index < 2.0 l/min/m2 at least twice), postoperative use of
inotropes for more than 12 h, stroke, and de novo dialysis.
All data were analyzed using the PASW v. 18 statistical software (IBM SPSS
Inc., Chicago, IL, USA). Continuous variables are reported as the mean ± standard
deviation. We evaluated the correlation between continuous variables by
Spearman’s test. Logistic regression was used to adjust transfusion of any blood
product for additive the EuroSCORE. Survival analyses were performed using
Kaplan–Meier’s method and Cox’s regression method with backward selection.
Only variables with a p < 0.05 at univariate analysis have been included in the
regression model.
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5

Results

5.1

Low-dose ASA discontinuation

The aim of the present study was to evaluate the effects of preoperative ASA
discontinuation on patient outcome after CABG. A sensitivity analysis of different
timings of discontinuation of ASA showed that discontinuing ASA ≤ 3 days before
surgery was associated with the most beneficial effects compared with more a
prolonged pause in ASA treatment, at least in the postoperative stroke rate.
Therefore, a cutoff timing of > 3 days of ASA discontinuation was chosen for this
analysis (Table 5). A similar amount of postoperative blood loss and a similar rate
of re-exploration for excessive bleeding were observed in the study groups with
different timings of preoperative ASA discontinuation. A more frequent use of
blood products was observed, however, in patients whose ASA treatment was
discontinued > 7 days, but this was clearly related to interhospital differences in the
use of blood products (logistic regression, p < 0.0001). The only evident, but not
statistically significant, difference was the higher rate of postoperative stroke (1.9%
v 0.4%, p = 0.13) observed in patients whose ASA treatment was discontinued > 3
days before surgery. This finding was not related to interhospital differences
(logistic regression, p = 0.474).
ASA discontinuation > 3 days was associated with a trend towards a higher
postoperative stroke rate versus no ASA discontinuation after off-pump (1.9% v
0%, p = 0.58) and on-pump (2.0% v 0.6%, p = 0.46) surgery, but such differences
did not achieve statistical significance. No stroke occurred in patients in whom the
ascending aorta was left untouched. In patients undergoing surgery with epiaortic
ultrasound, the stroke rate was higher in patients with ASA discontinued > 3 days
(2.2% v 0%, p = 0.13). Such a difference was also observed in 307 patients with an
ascending aorta free of atherosclerosis (1.9% v 0%, p = 0.25). An analysis of 32
patients with a diseased ascending aorta showed that ASA discontinued > 3 days
was associated with a nonsignificant increase of stroke risk (4.3% v 0%, p 1.00).
Data on the troponin I serum concentration, as measured with the same technique,
on the day before surgery and on the first and third postoperative days, were
available in 206 patients who underwent surgery at Oulu University Hospital. A
repeated measures test showed no significant differences in the postoperative
troponin I release between the study groups (test of between-subjects effects,
p = 0.90).
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Table 5. Adverse Events During In-Hospital Stay After Coronary Artery Bypass Graft
Surgery According to Different Timings of ASA Discontinuation.
Outcome Endpoint

ASA Pause

p-value

Late Use of ASA

Pause 4–7 d

Pause > 7 d

(n = 240)

(n = 273)

(n = 346)

n (%)

n (%)

n (%)

Stroke

1 (0.4)

5 (1.8)

7 (2.0)

0.236

In-hospital mortality

2 (0.8)

2 (0.7)

4 (1.2)

0.907

Low cardiac output syndrome

18 (7.5)

24 (8.8)

19 (5.5)

0.259

Postoperative blood loss (ml)

782 ± 432

940 ± 748

775 ± 392

0.015

10 (4.2)

15 (5.5)

4.6 (5.0)

0.770

6 (2.5)

9 (3.3)

14 (4.0)

0.619

RBC1 transfusion

80 (33.3)

73 (26.7)

146 (42.3)

< 0.0001

RBC units transfused

0.9 ± 1.7

0.9 ± 2.4

1.2 ± 1.9

< 0.0001

FFP2 units transfused

0.3 ± 0.8

0.4 ± 1.5

0.5 ± 1.4

0.060

Platelet units transfused

0.5 ± 1.9

0.7 ± 3.5

1.0 ± 2.7

0.010
0.451

Resternotomy for bleeding
Resternotomy for ”surgical” bleeding

De novo dialysis

2 (0.8)

3 (1.1)

1 (0.3)

ICU3 stay ≥ 5 d

9 (3.8)

18 (6.6)

13 (3.8)

0.206

29 (12.1)

45 (16.5)

48 (13.9)

0.368

Composite adverse end-point4
1

RBC, red blood cell, 2 FFP, fresh frozen plasma, 3 ICU, intensive care unit, 4 In-hospital death, low-

cardiac-output syndrome, de novo dialysis, stroke, re-exploration for excessive bleeding, or intensive
care unit stay ≥ 5 days.

Evaluation of the immediate outcome in patients with and without ASA
discontinuation > 3 days was likely biased by the major differences existing in the
baseline variables of the study groups. A propensity score was therefore calculated
for 135 pairs and the area under the receiver operating characteristics curve was
0.793 (95% confidence interval [CI] 0.755–0.831, p < 0.0001). Among these pairs
matched by the propensity score, a similar amount of postoperative blood loss, a
similar rate of re-exploration for excessive bleeding, and a similar use of blood
products were observed. Also, patients whose ASA treatment was discontinued > 3
days before surgery had a significantly higher rate of postoperative stroke (5.9% v
0.7%, p = 0.02) and tended to have a higher risk for the composite adverse endpoint (19.6% v 12.4%, p = 0.09).
ASA discontinuation > 3 days before surgery tended to be associated with
postoperative stroke when adjusted for the propensity score (p = 0.10). Similarly, a
trend toward an increased risk of stroke after ASA discontinuation > 3 days was
observed in 3 quartiles of the propensity score (Figure 3). When adjusted for the
propensity score, ASA continued until the day of surgery or discontinued ≤ 3 days
58

before surgery was not associated with an increased risk of re-exploration for
excessive bleeding (p = 0.99), red blood cell transfusion (p = 0.80), the composite
outcome end-point (p = 0.43), and inhospital mortality (p = 0.37). No difference in
red blood cell transfusions was observed in the quartiles of the propensity score
(Figure 4).
Late aspirin use
Early aspirin discontinuation

4,0
3,5
Stroke rate (%)

3,0
2,5
2,0
1,5
1,0
0,5
0,0
1

2
3
Propensity score quartiles

4

Fig. 3. Postoperative stroke rates after coronary artery bypass surgery according to
ASA discontinuation and propensity score quartiles. The observed differences between

Percentage of patients who received
red blood cell transfusion

study groups were not statistically significant.
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Late aspirin use
Early aspirin discontinuation
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Fig. 4. Rates of red blood cell transfusion after coronary artery bypass surgery
according to the timing of ASA discontinuation and propensity score quartiles. The
observed differences between the study groups were not statistically significant.
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5.2

TOAC discontinuation

The TOAC group consisted of 103 patients in whom CABG was performed during
therapeutic oral anticoagulation (INR 2.0–3.5). The control group consisted of 81
patients in whom preoperative INR was subtherapeutic (INR ≤ 1.5). CABG was
performed in the entire population after a mean cessation of warfarin of 2.4 days
and the mean INR at the time of operation was 1.9 (range from 1.0 to 5.7). CABG
was performed with uninterrupted warfarin (≤ 1 day pause) in 63 patients (23%).
In 24 patients (9%), the exact time of warfarin interruption was not available. In
both groups, the most common indication for warfarin was atrial fibrillation,
followed by a history of stroke. Acute myocardial infarction tended to be a more
common indication for CABG in the TOAC group leading to more common
emergency operations in this group. Emergency surgery (OR 4.09, 95% CI 1.13–
14.76; p = 0.03) was the only variable significantly different on logistic regression.
This finding confirmed the homogeneity of the study groups and prevented a
propensity score analysis, and because of this, we used the additive EuroSCORE
(OR 1.17, 95% CI 1.05–1.30; p = 0.004) when included into logistic regression to
adjust clinical variables for the outcome analysis. In the TOAC group, the mean
INR on the day of surgery was 2.4.
Enoxaparin was used until surgery in 34 control patients (44.2%) and in 54
TOAC patients (52.9%) (chi-square test, p = 0.24). ASA was discontinued for a
mean of 8.3 ± 8.0 days before CABG and was used preoperatively ≤ 5 days prior
to CABG in 35 control patients (43.2%) and in 39 TOAC patients (37.9%)
(p = 0.46). Six control patients (7.4%) and 7 TOAC patients (6.8%) were treated
with clopidogrel ≤ 5 days prior to CABG (p = 0.60).
In-hospital mortality was comparable in the TOAC and control groups (4.9%
versus 2.5%, p = 0.40, adjusted for EuroSCORE: p = 0.49). Similarly, there were
no significant differences between the groups in the other major complications or
in the number of patients suffering from any major adverse event (Table 6). The
need for red blood cell transfusions was comparable between the groups, but
postoperative blood loss was higher in the TOAC group (941 ± 615 vs.
754 ± 610 ml, p < 0.01) and they also needed a longer stay in the intensive care unit
and more fresh frozen plasma transfusions than the controls (Table 6). There were
no significant independent predictors for any of the major complications.
Clopidogrel use within 5 days of CABG and the preoperative use of enoxaparin
were the only significant independent predictors for the incidence of the composite
end-point (OR 4.8, 95% CI 1.4–16.2, p = 0.01 and OR 2.6, 95% CI 1.1–6.5,
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p = 0.04, respectively). There were 4 patients with subtherapeutic perioperative
oral anticoagulation (INR N3.5). In this subgroup of patients, none of patients died
or required an intensive care unit stay longer than 3 days. Reoperation for bleeding
was required for one patient.
Table 6. Immediate postoperative outcome in patients with therapeutic (TOAC group)
and subtherapeutic (Control group) oral anticoagulation who underwent coronary
artery bypass surgery (CABG).
Postoperative outcome

Whole study

TOAC group

Control group

population

INR 2.0–3.5

INR ≤ 1.5

(n = 270)

(n = 103)

(n = 81)

10 (3.7)

5 (4.9)

2 (2.5)

0.40

2 (0.7)

2 (1.9)

0 (0)

0.28

10 (3.7)

4 (3.9)

3 (3.7)

0.95

4 (1.5)

2 (1.9)

2 (2.5)

0.81

23 (8.5)

12 (11.7)

5 (6.2)

0.20

Combined adverse outcome1

27 (10.0)

18 (17.5)

9 (11.1)

0.30

Prolonged need for inotropics

137 (50.7)

57 (55.3)

34 (42.0)

0.08

Mortality
Myocardial infarction
Stroke
Acute renal failure
Reoperation

Postoperative hemoglobin

p-value

100 ± 14

100 ± 15

100 ± 17

0.96

Patients requiring red blood cell transfusion

155 (57.4)

63 (61.2)

46 (56.8)

0.75

Postop. drainage bleeding (ml)

< 0.01

857 ± 618

941 ± 615

754 ± 610

Red blood cell units

2.1 ± 3.1

2.1 ± 2.8

2.1 ± 3.4

0.61

Fresh frozen plasma units

2.1 ± 2.7

2.8 ± 3.0

1.3 ± 2.4

< 0.0001

Platelet units

1.1 ± 2.8

1.2 ± 3.1

1.2 ± 3.1

0.53

Intensive care unit stay (days)

3.3 ± 4.1

3.7 ± 3.9

2.7 ± 3.7

< 0.05

In-hospital stay (days)

8.8 ± 5.4

9.1 ± 5.0

8.6 ± 5.8

0.15

1

Death, myocardial infarction, stroke, acute renal failure or reoperation; Values are reported as

mean ± standard deviation or absolute numbers with related percentages in parentheses.

5.3

The impact of the individual surgeon

Of the entire study group of 2001 CABG patients, one hundred thirteen (5.3%)
underwent re-exploration for excessive bleeding and in 83 patients (73.5%) the
bleeding site was identified as being surgical. The sources of bleeding are listed in
table 7. At univariate analysis, patients who underwent re-exploration had a
significantly higher risk of 30-day mortality (6.2% v 2.6%, p = 0.038), low-cardiacoutput syndrome (22.1% v 11.6%, p = 0.001), prolonged need of inotropes (43.4%
v 26.1%, p < 0.0001), atrial fibrillation (51.3% v 41.3%, p = 0.039), and an
intensive care unit stay ≥ 5 day (11.2% v 5.0%, p < 0.0001) but not of stroke (2.7%
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Re-exploration for excessive bleeding (%)

v 2.1%, p = 0.732) or resternotomy for mediastinitis (3.5% v 1.2% p = 0.062).
When adjusted for the additive EuroSCORE, re-exploration for bleeding was only
associated with an increased risk of low-cardiac-output syndrome (OR 2.239,
95% CI 1.328–3.777, p = 0.003), prolonged need of inotropes (OR 1.894, 95% CI
1.198–2.994, p = 0.006), and an intensive care unit stay ≥ 5 days (OR 2.129,
95% CI 1.202–3.770, p = 0.010). Patients who underwent re-exploration for
excessive bleeding had a similar 5-year overall survival to those who did not
undergo re-exploration (87.1% v 87.9%, p = 0.445, log-rank test).
According to individual surgeons, re-exploration rates ranged from 1.4% to
11.7% and such differences were statistically significant (p < 0.0001). This was
observed in patients who did not use clopidogrel preoperatively (Figure 5). Reexploration rates were significantly different among surgeons after elective and
urgent/emergency procedures (Figure 6) and after off-pump surgery (p = 0.003)
and conventional surgery (p = 0.003).
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No clopidogrel exposure (p < 0.0001)
Clopidogrel exposure (p = 0.61)
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Fig. 5. Incidence of re-exploration for excessive bleeding after coronary artery bypass
grafting according to individual surgeons in patients with and without a preoperative
exposure to clopidogrel. Re-exploration rates differed significantly among individual
surgeons only in cases not exposed to clopidogrel.
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Fig. 6. Incidence of re-exploration for excessive bleeding after coronary artery bypass
grafting according to individual surgeons in patients undergoing an elective or an
urgent/emergency procedure. Re-exploration rates differed significantly after elective
and urgent/emergency procedures.

Logistic regression showed that an individual surgeon (p < 0.0001), a preoperative
body mass index < 25 kg/m2 (OR 2.733, 95% CI 2.145–3.481, p < 0.0001), and an
estimated glomerular filtration rate < 30 ml/min/1.73 m2 (OR 3.891, 95% CI
1.669–9.076, p = 0.002) were independent predictors of re-exploration for
excessive bleeding (c-statistic 0.695, 95% CI 0.647–0.743, p = 0.970, HosmerLemeshow test). When 6 surgeons with a re-exploration rate higher than the mean
of the overall series were included in the regression model, they were associated
with a significant increased risk of re-exploration for excessive bleeding (OR
3.283, 95% CI 2.128–5.064, p < 0.0001).
Data on postoperative blood loss were available in 1 915 patients (95.7%) and
a blood loss > 1 600 ml was observed in 102 patients (5.1%). An individual surgeon
was associated significantly with the amount of postoperative blood loss
(p < 0.0001, Kruskal-Wallis test). Postoperative blood losses > 1 600 ml ranged
from 1.5% to 10.9% according to individual surgeons (p = 0.002). Logistic
regression showed that an individual surgeon (p = 0.001), male sex (OR 2.126,
95% CI 1.134–3.983, p = 0.019), a body mass index < 25 kg/m2 (OR 2.157,
95% CI 1.404–3.314, p < 0.0001), previous peripheral vascular surgery (OR 2.805,
95% CI 1.385–5.679, p = 0.004), emergency surgery (OR 2.236,95% CI 1.135–
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4.403, p = 0.020), and an estimated glomerular filtration rate < 30 ml/min/1.73 m2
(OR 3.721, 95% CI 1.113–12.441, p = 0.033) were independent predictors of
postoperative blood loss > 1 600 ml (c-statistic 0.717, 95% CI 0.667–0.767,
p = 0.942, Hosmer-Lemeshow test).
Table 7. Sources of bleeding Requiring Re-Exploration after CABG.
Source of bleeding

n

No evident bleeding source

26

Internal mammary artery harvest site

23

Sternal edges

22

Internal mammary artery branch

13

Sternum (metallic wire)

13

Vein graft branch

14

Neck vessel

9

Pericardial artery

9

Aortic proximal anastomosis

6

Diffuse bleeding

4

Distal anastomosis

4

Myocardium

4

Surgical drain insertion site

2

Pacemaker wire insertion site

2

Ascending aorta (cannulation site)

1

Right attrium

1

Brachiocephalic vein branch

1

Note. Multiple sources of bleeding were identified in 33 patients.

5.4

Re-exploration for bleeding

The aim of this review was to evaluate the impact of re-exploration for bleeding
after cardiac surgery on the immediate postoperative outcome.
The decision to perform re-exploration was made according to varying criteria,
but, in all studies, re-operation was carried out for severe postoperative bleeding
and/or cardiac tamponade.
Patients requiring re-exploration were older, more frequently male, more often
had peripheral vascular disease and preoperative exposure to ASA, and more
frequently underwent urgent/emergency surgery. As data on these variables were
not reported in all studies, however, this analysis may be biased. Furthermore, no
data regarding the timing of exposure to ASA were available and data regarding
other anti-thrombotic agents were scanty for specific analysis. In spite of this, a risk
64

difference of 9% (95% CI 2–19%) was observed among these risk factors in terms
of urgent/emergency surgery in the 538 553 patients reported in six studies. Apart
from its well-recognized impact on postoperative mortality, an increased incidence
of resternotomy for bleeding after urgent/emergency operation suggests that these
patients were more likely exposed preoperatively to anti-platelet/anticoagulant
agents. Re-exploration for bleeding was associated with a significantly increased
risk of immediate postoperative mortality (Figure 6), stroke, need for intra-aortic
balloon pump, acute renal failure, sternal wound infection, and prolonged
mechanical ventilation. The negative prognostic impact of re-exploration on
immediate postoperative mortality was consistent in all studies, but was the least
significant factor for this (Figure 7). Four studies (Moulton et al. 1996, Karthik
et al. 2004, Choong et al. 2007, Ranucci et al. 2008) reported on adjusted ORs of
the impact of re-exploration for bleeding on the immediate postoperative mortality.
The pooled RR of these studies was 2.56 (95% CI 1.46–4.50, I2 = 55%, random
effect analysis, p = 0.001) (Figure 7). ORs were extracted in two of these studies
from propensity-matched pairs’ analysis (Karthik et al. 2004, Ranucci et al. 2008).
When only adjusted ORs obtained from multivariate analysis were included in the
analysis (Moulton et al. 1996, Choong et al. 2007), the pooled RR for immediate
postoperative mortality was 2.35 (95% 1.62–3.38, I2 = 7%, fixed-effect analysis,
p < 0.00001). The increased risk of stroke after re-exploration was another
observation of particular concern (RR 2.18, 95% CI 1.96–2.43). This finding was
consistent across all studies, but no data was available to assess whether or not reexploration was an independent risk factor for cerebrovascular complications.
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Fig. 7. Forest plot showing the pooled risk ratio for immediate postoperative mortality after re-exploration for bleeding after cardiac

Heterogeneity: Tau = 0.00; Chi = 38.32, df = 7 (P < 0.00001); I = 82%
Test for overall effect: Z = 4.90 (P < 0.00001)

Total (95% CI)
Total events

Re-exploration No re-exploration
Risk Difference
Study or Subgroup
Events Total Events
Total Weight M-H, Random, 95% CI
Unsworth-White 1995
19
85
117
2 136
5.6 %
0.17 [0.08, 0.26]
Moulton 1996
27
253
243
5 762 12.9 %
0.06 [0.03, 0.10]
Sellman 1997
22
378
247
8 185 15.8 %
0.03 [0.00, 0.05]
Dacey 1998
29
305
273
8 281 13.9 %
0.06 [0.03, 0.10]
Karthik 2004
1
84
3
84 11.4 % -0.02 [-0.07, 0.02]
Choong 2007
21
191
67
3 029 11.7 %
0.09 [0.04, 0.13]
Ranucci 2008
33
232
8
232 10.5 %
0.11 [0.06, 0.16]
Mehta 2009
1 212 12 652 11 115 516 034 18.2 %
0.07 [0.07, 0.08]
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Fig. 8. Forest plot showing the pooled risk ratio of studies reporting adjusted odds ratios for immediate postoperative mortality
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Two studies (Karthik et al. 2004, Choong et al. 2007) reported on the mortality
rates after re-exploration for bleeding performed within 12 h or later. When
performed more than 12 h after surgery, re-exploration for bleeding was associated
with a significantly increased risk of mortality (21.5% vs 5.1%: 14/65 vs 11/215
patients) (RR 5.22, 95% CI 2.43–11.21, I2 = 0%, fixed-effect analysis, p < 0.00001;
RD 18%, 95% CI 8–29%, I2 = 2%, fixed-effect analysis, p = 0.0007). When
analyzing the studies including only patients, who underwent isolated coronary
artery bypass surgery (Dacey et al. 1998, Karthik et al. 2004, Mehta et al. 2009), a
significantly higher risk of postoperative mortality was observed among patients
who underwent re-exploration for bleeding (RR 3.23, 95% CI 1.88–5.55, I2 = 81%,
random-effect analysis, p < 0.00001). A pooled analysis of studies including
procedures other than isolated coronary artery bypass operations (Moulton et al.
1996, Sellman et al. 1997, Ranucci et al. 2008) also demonstrated a higher risk of
mortality (RR 3.24, 95% CI 2.25–4.65, I2 = 67%, random-effect analysis,
P < 0.00001). Studies published during the last decade (Karthik et al. 2004, Choong
et al. 2007, Ranucci et al. 2008, Mehta et al. 2009) had a higher pooled RR for
mortality (RR 4.30, 95% CI 3.09–5.97, I2 = 44%, random-effect analysis,
P < 0.00001) than those published in the 1990s (Unsworth-White et al. 1995,
Moulton et al. 1996, Sellman et al. 1997, Dacey et al. 1998) (RR 2.75, 95% CI
2.06–3.66, I2 = 52%, random-effect analysis, P < 0.00001).
5.5

Blood transfusion and stroke

This study investigated the impact of blood transfusion on the development of postoperative stroke after CABG. Of the study population, stroke occurred
postoperatively in 53 patients (2.4%). These strokes were regarded of ischaemic
origin. Since there was a strong correlation between the amount of transfused red
blood cell units and transfused platelet units (rho: 0.467, p < 0.0001) as well as
transfused Octaplas® units (rho: 0.423, p < 0.0001), all these three risk factors were
analysed further. The area under the ROC curve for predicting post-operative stroke
was 0.653 (95% CI 0.570–0.736) or red blood cell units, 0.627 (95% CI 0.543–
0.712) for Octaplas® units and 0.618 (95% CI 0.532–0.703) for platelet units.
Figure 9 summarizes the unadjusted rate of post-operative stroke according to
increasing amount of red blood cell units (0, 1–2 units, or > 2 units), platelets units
(0, 1–8 units, or > 8 units) and Octaplas® units (0, 1–4 units, or > 4 units)
transfused (p < 0.0001 adjusted for pre-operative hemoglobin and post-operative
blood loss). When the use of all blood products was summed, a dose-dependent
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increase of post-operative stroke was observed (when adjusted for pre-operative
hemoglobin and post-operative blood loss: OR 1.474, 95% CI 1.262–1.720,
p < 0.0001). Similarly, the increase in the use of blood product types ranging from
no transfusion to combined transfusion of red blood cells, platelets and Octaplas®
was associated with a significantly increased rate of post-operative stroke (when
adjusted for pre-operative hemoglobin and post-operative blood loss: OR 1.727,
95% CI 1.350–2.209, p < 0.0001, Figure 10).

Post-operative stroke rate (%)
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Red blood cells
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Octaplas
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Platelets
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No blood transfusion

RBC 1-2 units
Octaplas 1-4 units
Platelets 1-8 units

RBC > 2 units
Octaplas > 4 units
Platelets > 8 units

Fig. 9. Post-operative stroke rates according to increasing amount of red blood cell
(RBC) units (0 = none, 1 = 1–2 units, 2 = > 2 units; p = 0.002), platelets units (0 = none,
1 = 1–8 units, 2 = > 8 units; p < 0.0001) and Octaplas® units (0 = none, 1 = 1–4 units,
2 = > 4 units; p < 0.0001) transfused.
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Fig. 10. Post-operative stroke rates according to the sum of any type of transfusion
(ranging from 0 = no blood transfusion to 3 = transfusion of red blood cells, platelets
and Octaplas®) (p < 0.0001).

Logistic regression showed that extracardiac arteriopathy (OR 2.344, 95% CI
1.133–4.847), preoperative atrial fibrillation (OR 2.409, 95% CI 1.149–5.052), preoperative creatinine (OR 1.003, 95% CI 1.000–1.006), and the number of packed
red blood cell units transfused (OR 1.121, 95% CI 1.065–1.180) were significantly
associated with postoperative stroke. When the various blood product transfusions
instead of transfused units were included in the multivariable analysis,
solvent/detergent treated plasma (Octaplas®) transfusion (OR 2.149, 95% CI
1.141–4.047), but not red blood cell transfusion, was significantly associated with
postoperative stroke along with preoperative creatinine, preoperative atrial
fibrillation and extracardiac arteriopathy. Stroke rate was not significantly different
between the three hospitals (p-values ranging from 0.186 to 0.820) when the
hospitals were in the regression models. Renal failure, preoperative atrial
fibrillation and extracardiac arteriopathy were included in the CART model along
with classes of increasing amount of transfused red blood cells, Octaplas® and
platelets. This model showed that increasing amount of transfused Octaplas®,
platelets and history of extracardiac arteriopathy were significantly associated with
post-operative stroke (area under the ROC curve for this predictive model: 0.631,
95% CI 0.546–0.716). The propensity score estimated the risk of receiving
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transfusion of all types of blood products (red blood cells, Octaplas® and platelets).
Logistic regression showed that patient's age, preoperative hemoglobin,
preoperative exposure to clopidogrel, chronic use of warfarin, previous cardiac
surgery, recent myocardial infarction, emergency operation, critical operative status,
no diabetes and no intraoperative use of tranexamic acid were significantly
associated with perioperative use of all types of blood products (HosmerLemeshow's test p = 0.731). The area under the ROC curve for this predictive
model was 0.820 (95% CI 0.791–0.848). When use of all three types of blood
products was adjusted for the propensity score, the former was significantly
associated with post-operative stroke (OR 4.832, 95% CI 2.370–9.851).
One-to-one propensity score matching allowed us to get 210 pairs of patients
who did not receive any blood transfusion and patients who received transfusion of
red blood cells, Octaplas® and platelets. It is noteworthy that despite the optimal
area under the ROC curve of the propensity score as well as adequate goodness of
fit for this logistic regression model, there were still a few differences between the
study groups as denoted by standardized differences. Patients who did not receive
blood products had a post-operative stroke rate of 1.0%, whereas it was 6.7% in
patients who received all three types of blood products (p = 0.004).
Logistic regression showed that, when adjusted for different institutions (pvalues ranging from 0.277 to 0.537), transfusion of all three blood products was
associated with a rather high postoperative stroke risk (OR 9.497, 95% CI 1.949–
46.265). Overall, transfusion of all three types of blood products was associated
with a remarkably higher risk of all major adverse postoperative end-points (Table
8) except in-hospital mortality, for which the difference did not reach statistical
significance (2.4% vs. 5.7%, p = 0.08). Since certain differences persisted between
study groups in the propensity score matching analysis, we assessed the immediate
postoperative outcome in patients with increasing operative risk as estimated by
additive EuroSCORE classes (additive EuroSCORE 0–5, 6–9 and > 9 points). This
sensitivity analysis confirmed the major impact of transfusion of all three types of
blood products on the development of stroke as well as other major adverse events
(Table 9). Logistic regression including additive EuroSCORE classes, amount of
post-operative bleeding, different institutions and transfusion of all three blood
products, showed that the last variable was the only independent predictor of postoperative stroke (p < 0.0001, OR 4.212, 95% CI 2.053–8.643). Use of blood
products ranging from no transfusion (stroke rate 1.6%) to combined transfusion
of red blood cells, platelets and Octaplas® was associated with a significant
increase in postoperative stroke incidence (6.6%, adjusted analysis: OR 1.727,
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95% CI 1.350–2.209). Patients who received > 2 units of red blood cells, > 4 units
of Octaplas® units and > 8 units of platelets had the highest stroke rate of 21%.
Table 8. Adverse events during the immediate postoperative period after coronary
artery bypass surgery in 210 propensity score matched pairs of patients who did not
receive any blood transfusion and those who received all three types of blood products.
Results of univariable and multivariable analyses for prediction of postoperative stroke
are reported.
Adverse event

No blood transfusion

Transfusion of RBC1,

210 patients

Octaplas® and platelets

p-value

210 patients
In –hospital mortality

5 (2.4)

12 (5.7)

0.08

Stroke

2 (1.0)

14 (6.7)

0.004

Low cardiac output syndrome

14 (6.7)

46 (21.9)

< 0.0001

Post-operative blood loss (ml)

683 ± 347

1 385 ± 910

< 0.0001

Re-sternotomy for bleeding

3 (1.4)

57 (27.1)

< 0.0001

“Surgical bleeding”

2 (1.0)

41 (19.5)

< 0.0001

De novo dialysis

1 (0.5)

12 (5.7)

0.003

Atrial fibrillation

64 (30.6)

92 (43.8)

0.005

ICU2 stays (days)

1.1 ± 3.0

3.2 ± 4.1

< 0.0001

ICU stay ≥ 5 days

4 (1.9)

36 (17.1)

< 0.0001

20 (9.5)

108 (51.4)

< 0.0001

Composite outcome end-point3

Continuous variable are reported as mean ± standard deviation or counts (%), 1 RBC: red blood cells,
2

ICU: intensive care unit, 3 Composite end-point: in-hospital death, low cardiac output syndrome, de novo

dialysis, stroke, re-sternotomy for excessive bleeding, or intensive care unit stay ≥ 5 days.
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18 (2.2)
58 (7.2)

ICU stay ≥ 5 days

Composite outcome end-point3
1

Transfusion of

3 (2.1)
10 (7.0)
650 ± 366
0 (0)
0 (0)

6 (5.1)4
18 (15.4)4
1 546 ± 9704
4

27 (23.1)4

14 (9.9)

4 (2.8)

11 (9.4)4
53 (45.3)4

1.4 ± 1.2

2.5 ± 3.9

48 (33.8)

43 (36.8)4
4

1 (0.7)

2 (1.7)

37 (31.6)

6 (6.6)4

1 (0.7)

2 (1.7)4

No blood

2

47 (51.6)4

20 (22.0)4

3.4 ± 3.64

3

10 (45.5)

2 (9.1)

2.0 ± 3.0

11 (50.0)

2 (9.1)

7 (7.7)4
47 (51.6)4

0 (0)

1 (4.5)

663 ± 267

8 (36.4)

0 (0)

4 (18.2)

22 patients

transfusion

11 (12.1)4

17 (18.7)

4

1 138 ± 8204

23 (25.3)4

7 (7.7)4

91 patients

117 patients

and platelets

RBC, Octaplas®

44 (81.5)4

23 (42.6)4

5.3 ± 4.9

31 (57.4)

8 (14.8)

5 (9.3)

7 (13.0)

975 ± 6824

24 (44.4)

4 (7.4)

13 (24.1)

54 patients

and platelets

RBC, Octaplas®

Transfusion of

Additive EuroSCORE > 9

hospital death, low cardiac output syndrome, de novo dialysis, stroke, re-sternotomy for excessive bleeding, or intensive care unit stay ≥ 5 days, 4 p < 0.050.

Continuous variable are reported as mean ± standard deviation or counts (%), RBC: red blood cells, ICU: intensive care unit, Composite end-point: in-

1.4 ± 2.1

ICU stays (days)

2

221 (27.5)

3 (0.4)

De novo dialysis

Atrial fibrillation

7 (0.9)
4 (0.5)

723 ± 395

Post-operative blood loss (ml)

“Surgical bleeding”

32 (4.0)

Low cardiac output syndrome

Re-sternotomy for bleeding

13 (1.6)

1 (0.1)

and platelets

804 patients
142 patients

No blood
transfusion

Transfusion of
RBC1, Octaplas®

No blood

Additive EuroSCORE 6–9

transfusion

Additive EuroSCORE 0–5

Stroke

In –hospital mortality

Adverse event

additive EuroSCORE classes.

receive any blood transfusion and those who received all three types of blood products. Results are according to increasing

Table 9. Adverse events during the immediate postoperative period after coronary artery bypass surgery in patients who did not

5.6

Blood transfusion and intermediate survival

The aim of this study was to investigate the impact of transfusion of blood products
on intermediate outcome after CABG. In this series of 2001 patients, 2.8% died
during the 30-day postoperative period, 12.2% had low cardiac output syndrome,
27.0% required use of inotropics for more than 12 h, 2.1% suffered stroke, and 1.4%
required de novo dialysis. Re-exploration for bleeding was needed in 5.6% of
patients. When adjusted for additive EuroSCORE, transfusion of any blood product
was associated with significantly higher risk of 30-day mortality (p = 0.048, OR
4.496, 95% CI 1.012–19.972), low cardiac output syndrome (p < 0.0001, OR 2.691,
95% CI 1.728–4.191), prolonged use of inotropics (p < 0.0001, OR 3.273, 95% CI
2.387–4.486), and stroke (p = 0.016, OR 3.763, 95% CI 1.286–11.011). It also
tended to be associated with de novo dialysis (p = 0.057). The mean follow-up was
2.5 ± 1.5 years. Three-year all-cause mortality was 9.5% and cardiac mortality was
5.8%.
All blood products were associated with significantly higher risk of all-cause
mortality. The impact of FFP/Octaplas® on all-cause mortality was particularly
evident (p < 0.0001). Multivariable analysis showed that patient’s age, estimated
glomerular filtration rate (eGFR), left ventricular ejection fraction, emergency
operation, and any blood product transfusion (RR 1.678, 95% CI 1.087–2.590)
were independent predictors of all-cause mortality. When RBC transfusion,
platelets transfusion, and FFP/Octaplas® transfusion were included in this
regression model, FFP/Octaplas® transfusion was the only blood product
associated with increased risk of all-cause mortality (RR 1.692, 95% CI 1.222–
2.344). Only 64 patients received FFP, and when these patients were compared to
those who received Octaplas®, no significant differences were observed in terms
of all-cause mortality (p = 0.631) and cardiac mortality (p = 0.703). RBC
transfusion was marginally associated with all-cause mortality (RR 1.503, 95% CI
0.986–2.291). When the units of blood products were entered in this regression
model, FFP/Octaplas® units (RR 1.066, 95% CI 1.014–1.121) and RBC units (RR
1.045, 95% CI 1.010–1.082) were independent predictors of all-cause mortality.
The additive effect of blood products was particularly evident when the sum of each
blood product was included in the regression analysis (p < 0.0001, RR 1.401,
95% CI 1.203–1.630). Univariate analysis showed that age (p < 0.0001), eGFR
(p < 0.0001), number of distal anastomoses (p = 0.005), diabetes (p = 0.018),
extracardiac arteriopathy (p < 0.0001), prior cardiac surgery (p < 0.0001), recent
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myocardial infarction (p < 0.0001), left ventricular ejection fraction (p < 0.0001),
emergency operation (p < 0.0001), critical preoperative status (p < 0.0001), atrial
fibrillation (p = 0.005) as well as any kind of blood product transfusion (for all
products: p < 0.0001) were associated with any cardiac mortality.
Cox regression analysis showed that any blood product transfusion was
associated with significantly increased risk of cardiac mortality (p = 0.040, RR
1.893, 95% CI 1.030–3.478). When each blood product at once was entered into
the regression model, RBC transfusion (p = 0.027, RR 1.950, 95% CI 1.078–3.526),
FFP/Octaplas® transfusion (p < 0.0001, RR 2.292, 95% CI 1.533–3.426), and
platelet transfusion (p = 0.002, RR 1.913, 95% CI 1.265–2.893) were predictive of
cardiac mortality. When all the three blood products were entered into the Cox
regression model along with the other covariates, FFP/Octaplas® was the only
blood product associated with increased risk of cardiac mortality (p < 0.0001, RR
2.125, 95% CI 1.414–3.194). The synergic effect of blood products was evident
when the sum of each blood product was included in the regression analysis
(p < 0.0001, RR 1.553, 95% CI 1.273–1.895).
The effect of blood product transfusion was particularly marked during the first
three postoperative months (Figure 11). When the follow-up was truncated at 3
months, any blood product transfusion was a significant predictor of all-cause
mortality (p = 0.040, RR 2.998, 95% CI 1.053–0.537). In order to exclude a
possible effect of transfusion only on the early outcome, we evaluated the outcome
of 1 880 patients who survived or had at least 3 months of potential follow-up. In
this patient population, transfusion of any blood product was associated with allcause and cardiac mortality only at univariable analysis, but not at multivariable
analysis (all-cause mortality: p = 0.148, RR 1.430, 95% CI 0.880–2.323; cardiac
mortality: p = 0.470, RR 1.329, 95% CI 0.614–2.877). The inclusion of each single
blood product in the analysis did not significantly affect intermediate outcome of
this subgroup of patients.
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Fig. 11. Kaplan-Meier´s estimate of all-cause mortality hazard in patients who received
or did not receive any type of blood product transfusion.
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6

Discussion

6.1

Low-dose ASA discontinuation

In two meta-analyses on preoperative exposure to ASA before CABG, an increased
risk of bleeding and need for blood transfusion was reported with late or no
discontinuation of ASA (Sun et al. 2008, Alghamdi et al. 2013). These analyses
included studies that were performed over three decades, however, and contained
a wide variation in operative and anesthesiology methods and pharmacologic
treatments, and there was no information on important outcome end-points, such
as immediate postoperative mortality and cardiovascular morbidity, which can be
considered as a major limitation. In addition, the quality of the studies, the dosages
of ASA, and the timing of discontinuation varied in a wide range, making the
pooling of analysis more complicated. In a single-center study of 1 519 propensity
matched pairs, Jacob et al. (2011) reported an increased need for transfusions in
patients with late use of preoperative ASA in CABG, but no difference was detected
in cardiovascular morbidity or mortality. Several studies have, however,
demonstrated the harmful effect of blood transfusion (see more in chapter 2.8.1).
Apart from the optimal methodology adopted in this study, it remains unclear as to
whether patients undergoing urgent surgery were included in the analysis. It is also
noteworthy that patients receiving adenosine diphosphate inhibitors, heparin, and
warfarin were not excluded, which complicated the analysis of these data.
In a large series of cardiac surgery patients, Ferraris et al. (2002) observed a
higher risk of bleeding in patients with a history of ASA ingestion within 12 hours
of surgery. Due to the lack of specific data, the results may have been affected by
the inclusion of patients who also underwent valve surgery and those who
underwent urgent/emergency surgery and were therefore likely at an increased risk
to be exposed to antithrombotic drugs. Furthermore, the investigators did not report
data on postoperative cardiovascular morbidity and mortality (Ferraris et al. 2002).
Similarly, the study by Bybee et al. (2005) likely included patients who underwent
urgent/emergency surgery as indicated by the large number of patients with a
history of recent myocardial infarction. Moreover, data on the use of other
antithrombotic medication were not reported.
Antiplatelet drugs are an integral part of the pharmacologic therapy for patients
with acute coronary syndromes. For this reason, the issue of whether or not to
discontinue ASA before CABG should mainly affect those patients with stable
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coronary artery disease undergoing elective surgery. Our study showed that
avoiding the early interruption of low-dose ASA before elective CABG did not
increase postoperative blood loss or the use of blood products. Furthermore, the
immediate postoperative outcome was not impaired by late or no discontinuation
of ASA. Indeed, the present observations suggested that this strategy might have a
positive impact in preventing postoperative stroke. According to our speculation,
the preoperative discontinuation of antiplatelet treatment may expose patients to
thrombotic events as observed in patients not undergoing surgery. Surgery may thus
increase the risk. Unfortunately, most previous studies on this topic have not
reported data on the occurrence of postoperative stroke after CABG. However, a
pooled analysis of the data of 5 330 patients included in 3 available studies (Ferraris
et al. 2002, Srinivasan et al. 2003, Bybee et al. 2005) and the present study showed
a trend toward an increased risk of postoperative cerebrovascular events in patients
with an early discontinuation of ASA before CABG (RR 1.34, 95% CI 0.83–2.14,
p = 0.23; Figure 12). The lack of data on preoperative events potentially occurring
after the discontinuation of ASA before CABG is one major limitation of our and
all previous studies. In addition to clinical experience and the sporadic reports on
the adverse events after the discontinuation of ASA in patients scheduled for CABG
(Matsuzaki et al. 1999), there is a well-established increased risk of cardiovascular
events in patients with coronary disease who discontinue or do not adhere to ASA
treatment (HR 1.82, 95% CI 1.52–2.18, p < 0.000 01) (Biondi-Zoccai et al. 2006).
García Rodríguez et al. (2011) found that discontinuation of ASA for the secondary
prevention of cardiovascular events was associated with a significantly higher risk
of stroke/transient ischemic attack compared with continued ASA use (RR 1.40,
95% CI 1.03–1.92). Patients with a previous diagnosis of cerebrovascular disease
had an even higher risk (RR 2.79, 95% CI 2.05–3.80). These findings are in line
with a study by Maulaz et al. (2005) who observed a particularly high risk of
stroke/transient ischemic attack in patients with coronary artery disease and no
adherence to ASA treatment. Although the retrospective nature of our study may
represent a limitation, the data was mostly collected from local institutional clinical
registries which prospectively collected information in computerized databases and
electronic files.
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Fig. 12. Forest plot showing a trend toward a lower risk of cerebrovascular events after coronary artery graft bypass surgery in
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In conclusion, the late use (within 3 days) or no discontinuation of low-dose ASA
before CABG may decrease the risk of postoperative stroke without significantly
increasing postoperative bleeding or the need for blood transfusions. These
findings coupled with the risk of cardiovascular events possibly occurring at the
time of its discontinuation before surgery, suggest that the use of ASA until the day
of elective coronary surgery may be beneficial.
6.2

TOAC discontinuation

This study shows that a simple strategy of performing CABG during therapeutic
oral anticoagulation lead to an operative outcome comparable to that of the more
complicated strategy of performing CABG after achieving a near-normal INR level.
Unexpectedly, the bleeding complications were relatively rare in both patient
groups and were not related to perioperative INR levels. On the other hand, the use
of clopidogrel and enoxaparin together with therapeutic warfarin was associated
with an adverse operative outcome.
Due to underlying chronic medical conditions, Serruys et al. (2009) estimated
that more than 5% of patients undergoing CABG require long-term oral
anticoagulation. There are no randomized trials comparing different strategies to
manage long-term oral anticoagulation in patients undergoing CABG. Torosian
et al. (2010) suggested that continued warfarin treatment increases the risk of
perioperative bleeding, and the only contemporary trial addressing this complicated
issue is a recent case-control study by Biancari et al. (2010) which suggested that
the outcome is not affected by oral anticoagulation, although there was more a
frequent need for fresh frozen plasma. The importance of this issue is further
emphasized by the fact that the magnitude of this problem is increasing with the
growing number of elderly patients referred for cardiac surgery.
Minimizing the risk for perioperative bleeding in CABG patients is important
due to the increased risk for death and other adverse outcome in patients who
require blood transfusion during the perioperative period (Surgenor et al. 2009).
Unexpectedly, there were no significant differences in bleeding events between the
study groups. The rate of bleeding events or need for blood products other than
fresh-frozen plasma were also not related to INR levels. This again is in agreement
with the findings reported in the case-control study by Biancari et al. (2010), where
chronic warfarin treatment was not associated with an increased incidence of any
bleeding events or other major perioperative complications, even when controlled
with a propensity score analysis. On the other hand, when enoxaparin treatment
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was combined with therapeutic oral anticoagulation, bleeding events and operative
complications were common and concomitant clopidogrel treatment appeared to be
even more hazardous.
The degree of perioperative anticoagulation administered should be balanced
with the risks of bleeding and thromboembolic complications in the patient. We
observed a relatively high incidence of postoperative strokes in both groups, but
this was unrelated to the intensity of oral anticoagulation as measured by INR. In
the light of the observed association of bleeding risk to high CHADS2 score (Poli
et al. 2007, Hylek et al. 2007), the intrinsic liability for stroke in patients with
chronic atrial fibrillation and other co-morbidities may also be crucial with
reference to postoperative stroke risk and should be taken into account when
planning perioperative antithrombotic treatment. It is noteworthy that we did not
observe any increase in strokes in the patients with preoperative warfarin cessation
without heparin bridging. This finding, however, must be interpreted with caution
given the limited number of patients exposed and the lack of data on potential
preoperative strokes.
Patients on long-term warfarin therapy are significantly less likely to undergo
coronary angiography and coronary interventions, and their waiting times for these
procedures are longer than in patients not on warfarin (Wang et al. 2008). This may
be related to the fear of perioperative problems and to the common practice to
discontinue or fully reverse warfarin if CABG is planned. Uninterrupted warfarin
treatment or a short discontinuation of warfarin may, however, shorten the risky
waiting time and help to avoid the transient prothrombotic state caused by warfarin
reinitiation. Another option, bridging therapy with heparin, is currently
recommended for patients considered to be at increased risk of thromboembolism.
More recently, the safety and efficacy of bridging therapy has been questioned in
patients undergoing various cardiac interventions due to a high incidence of
bleeding problems (Wazni et al. 2004, Tolosana et al. 2009, Karjalainen et al. 2008,
Airaksinen et al. 2010). The findings of the SYNERGY trial, where bleeding was
observed to be higher in those patients who crossed over from one anticoagulant to
the other, may also be relevant in this context (White et al. 2006). Thus, it is
unsurprising that perioperative anticoagulation strategies differ widely between
different hospitals and operators. In the present cohort, short preoperative heparin
bridging was mainly employed in patients with a mechanical heart valve or with
acute coronary syndromes. In many cases, the oral anticoagulation was still at a
therapeutic level during heparin use.
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Our study carries all the inherent limitations of a retrospective cohort study. On
the other hand, the strength of our analysis is that we could identify and include all
consecutive warfarin-treated patients from the records and avoid the potential
selection bias inherent to prospective studies. The outcome assessment was not
blinded and it was not possible to retrospectively gather reliable information on e.g.
mild bleeding complications from patient records. We tried to take confounding
factors into account by using multivariable analysis, but the possibility remains that
residual confounders may remain and more studies are required to confirm our
findings. Potential selection bias and the small sample size limit the conclusions
that can be drawn from these results, especially concerning the effects of
clopidogrel and enoxaparin treatments. In spite of these limitations, we feel that our
data may be used to guide the treatment of patients with an indication of long-term
oral anticoagulation undergoing CABG. It may also be helpful in planning future
prospective studies on this topic.
In conclusion, our study suggests that CABG is a safe procedure during TOAC
with no excess bleeding or major complications. To confirm this observation, and
to compare different types of treatment strategies in CABG patients on long-term
warfarin therapy, prospective cohorts and randomized trials are needed in the future.
6.3

The impact of the individual surgeon

Excessive bleeding is associated with an increased risk of major complications and
its treatment requires significant human and medical resources, with marked
incremental costs, making it one of the most vexing problems in cardiac surgery.
The most important determinant of major bleeding is the preoperative use of
anticoagulant and antiplatelet drugs. As was found in our meta-analysis (study IV),
the preoperative discontinuation of clopidogrel has been considered an effective
measure against such a severe complication. On the contrary, the preoperative
discontinuation of ASA may expose patients to preoperative (Rodriguez et al. 2011,
Llinas et al. 2011) and postoperative thrombotic events (study I). Even if the
preoperative use of potent antiplatelet drugs results in significant, diffuse, intraand postoperative bleeding, the present study indicates that an individual surgeon’s
performance may be an even more powerful determinant of excessive blood loss
and need for re-exploration. Papachristofi et al. (2014) found a low-power proof
that cardiac surgeons with low monthly operation volume coupled with high
average case-mix risk may increase the chance of in-hospital death. Simulation
training in robotic cardiac surgery has been found to be beneficial for surgeons in
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training (Valdis et al. 2016). Derivated from these findings, surgeons with low
operation volume should do simulation training to improve patient outcome.
A recent meta-analysis of 10 944 CABG patients on preoperative exposure to
clopidogrel reported pooled rates of re-exploration for bleeding of 3.2%, 4.9% in
patients exposed to clopidogrel, and 2.0% in controls (RR 1.88, 95% CI 1.37–2.58)
(Nashef et al. 1999). Among these series, the re-exploration rates have ranged from
0% (Filsoufi et al. 2008) to 6% (Ascione et al. 2005). Even if preoperative exposure
to clopidogrel was not an independent predictor of re-exploration (probably
because of a type-II error), our study shows that the re-exploration rates for
excessive bleeding were markedly and uniformly higher in all surgeons operating
on patients with exposure to clopidogrel (Figure 5). Nevertheless, in patients not
exposed preoperatively to clopidogrel (Figure 5) or in elective cases (Figure 13),
the scattered high re-exploration rates by individual surgeons strengthens the
present finding of a marked impact of the quality of individual surgeons’ skills on
postoperative bleeding. Importantly, this study confirmed previous findings on the
type of surgical bleeding sites (Unsworth-White et al. 1995, Moulton et al. 1996,
Dacey et al. 1998). Our meta-analysis regarding re-exploration for bleeding (study
IV) found that diffuse bleeding was the cause for re-exploration in 20% of patients,
whereas bleeding from vein graft branches, internal mammary artery branches, and
anastomoses were responsible for half the re-explorations. The present study found
almost 75% of re-explorations to be caused by “surgical” bleeding and were
therefore possibly preventable by employing a meticulous surgical technique
during graft harvesting and anastomosing. The definition of “surgical” bleeding is
imperfect, but without doubt most significant hemorrhages from surgical sites are
preventable at the time of the primary surgery. Indeed, a decrease of re-exploration
for excessive bleeding can be expected by specifically addressing this problem
because this complication is potentially associated with further adverse events
(Wolfe et al. 2007).
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Fig. 13. Incidence of re-exploration for excessive bleeding after coronary artery bypass
grafting according to individual surgeons in patients undergoing an elective or an
urgent/emergency procedure. Re-exploration rates differed significantly after elective
and urgent/emergency procedures.

One limitation of our study is its retrospective nature. Although all surgeons tended
to follow the same policy for re-exploration for severe bleeding, the indication for
re-exploration may have varied among surgeons. Nevertheless, we believe that the
analysis of severe bleeding (postoperative blood loss 1 600 ml) is a reliable
indicator of significant postoperative bleeding. Secondly, the rather limited study
interval prevents an analysis of time trends in excessive postoperative bleeding.
However, the authors had access to files that accurately and systematically reported
important pre-, intra-, and postoperative variables during this period. Furthermore,
a relatively aggressive preoperative antiplatelet drug policy was uniformly adopted
during this study period by the cardiologists at the Oulu University Hospital. In
addition, all surgeons included in the present analysis had adequate experience, but
the fact remains that, a minimal number of performed procedures by some surgeons
may have introduced a bias. The power analysis indicated, however, that the
number of patients evaluated to detect a significant difference in the re-exploration
rate between “high-risk” and “low-risk” surgeons was adequate. In fact, to detect a
significant difference between these 2 groups of surgeons (re-exploration rate 8.5%
v 2.9%), 303 patients would be needed in each study group (type-I error 0.05,
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power 80%). The number of patients needed to compare surgeons with a low
postoperative re-exploration rate (about 2%) with those having a high reexploration rate (about 11%) was even smaller (138 patients per study group, typeI error 0.05, power 80%).
According to our study, the individual surgeon has a major impact on
postoperative bleeding, since - among other things - the site of bleeding was
identified as being surgical in three-fourths of CABG patients who underwent reexploration for excessive bleeding. For this reason, a meticulous surgical technique
can be expected to significantly decrease the incidence of this severe complication.
In conclusion, the present results suggest that the individual surgeon’s quality of
skills may be as important as the preoperative discontinuation of antiplatelet and
anticoagulation drugs in decreasing the risk of excessive postoperative blood loss.
6.4

Re-exploration for bleeding

This meta-analysis of cardiac surgery patients provides evidence that excessive
bleeding requiring re-exploration is associated with increased morbidity and
mortality. Even though the results are derived from observational, mainly
retrospective studies, their quality appears to be satisfactory (Table 10).
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Table 10. Characteristics of observational studies included in this meta-analysis on the impact of re-exploration for excessive

The results are consistent throughout the studies and outcome end-points. Only one
study reported a lower mortality rate after re-exploration for excessive bleeding
compared with controls (Karthik et al. 2004); but this study was of a relatively
small size and was not powered enough to reliably detect differences in terms of
mortality. The evaluation of all other major outcome end-points, however,
displayed the unfavorable results associated with re-exploration (Karthik et al.
2004). The mechanisms behind the poor outcome after re-exploration for excessive
bleeding are likely multifactorial. Patients requiring re-exploration have multiple,
preoperative, high-risk features. Their operation is also performed more often on
an urgent/ emergency basis, which certainly contributes to the major bleeding
complications. Despite these considerations, logistic regression found reexploration for bleeding to be an independent predictor of immediate postoperative
mortality in two studies (Choong et al. 2007, Moulton et al. 1996). Two further
studies (Karthik et al. 2004, Ranucci et al. 2008) reported the results of propensity
score-matched pairs’ analysis, and were, thus, valuable in estimating the prognosis
in patient populations with a similar operative risk. The pooled RR of adjusted ORs
reported in these studies (Figure 8, see chapter 5.4) provides clear evidence that reexploration for bleeding has an independent negative impact on postoperative
mortality. Furthermore, Moulton et al. (1996) found that re-exploration for
bleeding increases mortality even in low-risk patients (4.8% vs 1.2%, adjusted OR
4.4, p = 0.03). Mortality risk also appears to increase with an increasing number of
transfused red blood cell units in both re-exploration and control patients (Ranucci
et al. 2008, Moulton et al. 1996), thus providing further indirect evidence of the
prognostic impact of severe bleeding. The quality of the data on preoperative antithrombotic treatment was, however, suboptimal. The study periods are also rather
prolonged, during which period anti-platelet/anticoagulation strategies have
changed markedly, becoming increasingly aggressive. More importantly, we were
not able to retrieve sufficient data on pre, intra- and postoperative anti-thrombotic
medication, and this may represent a serious limitation in the interpretation of these
data. Thus, it is not clear whether cardiac, pulmonary, renal, and cerebrovascular
complications were related mostly to the severity of postoperative as well as intraoperative bleeding, to the preoperative operative risk profile of the patient, to
suboptimal surgical treatment or to technical complications. Importantly, a pooled
analysis of two studies (Karthik et al. 2004, Choong et al. 2007) showed a
markedly increased mortality (RD 18%) in patients undergoing reexploration > 12 h after surgery. Such a markedly increased risk cannot probably
be explained by increased blood loss and/or amount of red blood cells’ unit
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transfusions (Ranucci et al. 2008, Choong et al. 2007). Despite a similar blood loss
and extent of pericardial hematoma, we can speculate that patients undergoing late
re-exploration might have more a compromised baseline or postoperative cardiac
function, making bleeding and cardiac tamponade less ‘tolerable’. The data
available suggests, however, that late re-exploration may contribute to most of reexploration-related deaths. This is one of the main reasons that re-exploration
should be carried out as soon as excessive bleeding and/or cardiac tamponaderelated hemodynamic instability becomes evident.
The present findings should be viewed as background for further studies, as reexploration for excessive bleeding revealed itself as being an important and
preventable complication. Moreover, the potential for significant improvement in
the outcome of adult cardiac surgery and for marked savings of hospital resources
should not be forgotten. In our opinion, future research on this topic should focus
on:
–
–
–
–
–
–

the risk of re-exploration for bleeding and related outcome according to
different types of cardiac procedures;
the prognostic impact of re-exploration for bleeding on stroke;
the prognostic impact of ‘surgical’ versus diffuse ‘non-surgical’ source of
bleeding at re-exploration;
the prognostic impact of timing of re-exploration, focusing on pre- and
postoperative cardiac function;
an evaluation of long-term outcome after re-exploration for bleeding; and
a propensity score analysis: the use of propensity score matching, stratification
as well as regression adjustment are advised for an adequate adjustment of
baseline and operative variables (D’Agostino et al. 1998) particularly for an
appropriate evaluation of the results of observational series.

In conclusion, re-exploration for bleeding after cardiac surgery seems to carry a
significantly increased risk of immediate postoperative mortality and morbidity,
despite the limitations related to the nature of the studies included in this metaanalysis. In view of these findings, any effort to avoid excessive bleeding requiring
re-exploration may lead to a marked improvement in outcome after adult cardiac
surgery.
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6.5

Blood transfusion and stroke

In cardiac surgery, stroke can be considered one of the most severe and feared
complications occurring postoperatively as it has significant impact on the patient's
immediate and late outcome and quality of life (Filsoufi et al. 2008, Tarakji et al.
2011). The etiopathogenesis of stroke is complex, multifactorial and related to
many peri-operative factors and patient comorbidities (Carrascal et al. 2010). Intraoperative embolism is considered the most important mechanism of post-operative
stroke, but the role of various contributing factors is difficult to ascertain or to
investigate. Atherosclerosis of the ascending aorta is found to be a risk factor for
postoperative stroke in cardiac surgery (van der Linden et al. 2001). In such cases,
the use of off-pump surgery and a no-touch aorta technique may reduce the risk of
post-operative stroke (Biancari & Yli-Pyky 2011, Biancari et al. 2007). The
incidence of postoperative stroke and the significance of minor modifications in
surgical technique in view of the epiaortic ultrasound information is not clear (van
der Linden et al. 2001). It is, however, a common practice to use epiaortic
ultrasound in coronary operations in our institution. If there is found arteriosclerotic
lesions in ascending aorta, there may be same kind of lesions also in cerebral
arteries because of the universal nature of arteriosclerotic disease. One can
speculate, that this cerebral arteriosclerosis may be one etiological factor of
postoperative stroke in coronary artery bypass patients.
Other measures which may considerably reduce the risk of post-operative
stroke are improving cardiopulmonary bypass techniques and materials (Carrascal
et al. 2010, Biancari & Rimpiläinen 2009), reducing cardiopulmonary bypass time
(Nissinen et al. 2009), and avoidance of peri-operative arrhythmias (Lahtinen et al.
2004), hypoperfusion (Haugen et al. 2007) as well as hemodilutional anemia
(Karkouti et al. 2005).
As shown in our meta-analysis, excessive bleeding requiring re-exploration is
associated with a high risk of post-operative stroke, an observation which confirms
that acute surgical anemia is a major determinant of neurological events
(Bahrainwala et al. 2011, Karkouti et al. 2005). Indeed, a study by Kulier et al.
(2007) also found evidence of an increased risk of post-operative stroke in CABG
patients with pre-operative anemia, but this finding was not confirmed by the
present or other previous studies (Bahrainwala et al. 2011, Bell et al. 2008,
Boening et al. 2011). This is probably because preoperative anemia is now actively
corrected before or at the start of surgery. Severe perioperative hemodilutional
anemia, however, may certainly induce significant cerebral ischemia. Experimental
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data indicates that under moderate or profound hypothermic conditions, severe
cerebral ischemia develops when hematocrit sinks below 10–15% (Duebener et al.
2001, Miura et al. 2007). In accordance with this, clinical data indicates that the
risk of post-operative neurological events increases in adult cardiac surgery patients
with hematocrit levels < 20–22% (Karkouti et al. 2005, Habib et al. 2003), thereby
confirming the importance of avoiding excessive bleeding during cardiac surgery.
These findings do not, however, take into consideration the amount of
postoperative bleeding and immediate post-operative anemia, which can be even
more profound than intra-operatively.
On the other hand, the use of blood products to correct anemia and restore
coagulation may also contribute to the development of neurological events
(Bahrainwala et al. 2011, Whitson et al. 2007). Barhainwala et al. (2011) also
provided strong evidence on the independent prognostic impact of both postoperative hemoglobin levels and the need for intra-operative red blood cell
transfusion on the risk of post-operative stroke. In our study, logistic regression
showed the amount of transfused packed red blood cells to be an independent
predictor of stroke. In the detailed analysis of type of transfused blood products,
however, it was demonstrated that the need for Octaplas® transfusion is an
independent predictor of stroke, whereas the transfusion of red blood cells was not.
This finding was also confirmed by CART analysis, which showed the significant
impact of transfusion of Octaplas® > 4 units and platelets > 8 units (stroke rate,
19.4%). Similar findings were observed by Whitson et al. (2007), who indicated
that the risk for stroke and mortality, as well as other important adverse events, is
increased by the need for excessive blood product transfusion. Correspondingly,
Figure 10 in the present series (chapter 5.5) demonstrates that the transfusion of all
three types of blood products was dose-dependently associated with stroke risk.
Importantly, this risk was evident when Octaplas® > 4 units and platelets > 8 units
were transfused, but also to a much lesser extent when red blood cell > 2 units were
transfused (Figure 9 in chapter 5.5). In the absence of data on peri-operative
hemoglobin and hematocrit nadir, we may speculate that the need for transfusion
of all three types of blood products certainly indicates significant bleeding, even if
the amount of post-operative blood loss was not associated with post-operative
stroke. The evidence of an increased risk of postoperative stroke in cardiac surgery
patients receiving recombinant activated factor VII (Ponschab et al. 2011) suggests
that the beneficial hemostatic effects of coagulation-promoting drugs could be
counterbalanced by severe atherothrombotic events. Although this may be purely
speculative, large amounts of transfused blood products may also induce a
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prothrombotic status. There is no specific data on the clinical impact of Octaplas®
transfusion in patients undergoing cardiac surgery, but De Maistre et al. (2009)
observed an increased risk of venous thromboembolism after transfusion of freshfrozen plasma in patients who underwent abdominal aortic surgery. Buchta et al.
(2004) reported a concern about a lower level of protein S in Octaplas® compared
with in FFP. Administration of solvent/detergent-treated plasma has been shown to
be associated with decreased protein S activity (Haubelt et al. 2002, De Silvestro
et al. 2007), which may be detrimental in patients with congenital or acquired
protein S deficiency. We, therefore, suspect that the prothrombotic status may be
further enhanced by solvent/detergent-treated plasma in patients undergoing major
surgery.
There is limited data indicating that platelet transfusion may be associated with
an increased risk of thromboembolism (Khorana et al. 2008). A propensity score
matched analysis by McGrath et al. (2008) did not demonstrate an increased
morbidity risk with the use of platelet transfusion in adult cardiac surgery. The
authors did not take into account the amount of platelet units transfused, however,
and therefore, there was no report on patients who received large numbers of
platelet units. It is known, however, that platelet storage is associated with
microparticles (Simak & Gelderman 2006) and the possible association of such
microparticles with thrombotic risk is a very active area of investigation.
Several factors may have affected our findings. First is the retrospective nature
of our study, where data was collected from three hospitals with different perioperative approaches. Second, the omitted data on intra- and post-operative levels
of hemoglobin and hematocrit would have been useful to confirm the independent
impact of blood products on post-operative neurological events. Third, we do not
have data on the possible use of procoagulant drugs other than tranexamic acid.
However, these potent procoagulants such as recombinant factor VII are only rarely
used in our institutions and mainly in the treatment of severe bleeding occurring
after valve and aortic surgery. Fourth, the impact of patient's comorbidities as well
as operative technique are not easily assessable because of the complexity of the
etiopathogenesis of stroke and the interaction of variables resulting in excessive
bleeding and at the same time in a prothrombotic state. Table 6 (chapter 5.5) shows,
however, that the rate of post-operative stroke and other major adverse events after
transfusion of all three types of blood products is so high that patients'
comorbidities and peri-operative anemia cannot be the only determinants of these
complications. This is further confirmed by the sensitivity analysis of different
additive EuroSCORE classes (Table 7 in chapter 5.5). In conclusion, our results
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indicate that transfusion of large amounts of blood products after CABG is
associated with a very high risk of postoperative stroke. It is of particular interest
that the use of Octaplas® and platelet transfusions seems to have an even larger
impact on the development of stroke than does the transfusion of red blood cells.
6.6

Blood transfusion and intermediate survival

Several studies have shown that blood transfusion during cardiac surgery
significantly increases the risk of postoperative complications and mortality. Much
research has focused on the impact of RBC transfusion and the data as to whether
other blood products were administered has been missing, which may introduce a
bias. This does suggest to some extent, however, that the individual impact of
perioperative anemia and blood transfusion is not easily discernible, and both these
risk factors may independently contribute to the patients’ recovery. As the use of
FFP, Octaplas®, and platelet transfusions promotes coagulation and may thus
potentially induce thrombotic complication, they may also affect outcome after
cardiac surgery. Our results suggest that using any allogeneic blood product may
contribute negatively to the prognosis of CABG patients. At this stage, it is not
clear whether patients receiving all three blood products are at the highest risk of
mortality because of the additive negative effects of each different type of
allogeneic blood products or the severity of bleeding. We can assume, however,
that the evaluation of the prognostic impact of blood transfusion should not be
limited to transfusions of allogeneic RBCs. Several studies have shown blood
transfusion to decrease long-term survival after CABG (Murphy et al. 2007, Koch
et al. 2006, Engoren et al. 2002). Koch et al. (2006) also showed that RBC and
platelet transfusions have a negative impact on the health-related quality of life 6–
12 months after cardiac surgery. This study and other studies have failed, however,
to confirm these findings. After evaluating 1 841 patients who survived longer than
60 days after CABG, Weightman et al. (2009) did not find any association between
the transfusion of blood products and all-cause mortality up to 10 years after
surgery. Using a similar approach, Surgenor et al. (2009) showed that RBC
transfusion had a significant impact on mortality up to 6 months, but during the late
phase (6 months to 5 years), there was no significant association between allogeneic
RBC exposure and mortality. Also Van Straten et al. (2010) did not find a
significant association between RBC transfusion and late mortality (> 30 days)
after CABG. Similarly, among patients with a follow-up of at least 3 months, we
found that the perioperative use of any blood product was associated with a slight
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increase in the risk of late mortality, but this was not statistically significant.
Possible differences in the study populations and different transfusion policies can
explain these controversial findings. Furthermore, during the last few years, potent
antiplatelet drugs have been introduced in the perioperative treatment of patients
undergoing CABG, and the use of aprotinin has been discontinued in most hospitals.
This latter change may have significantly contributed to changes in the severity of
bleeding, the need for transfusion, and the occurrence of cardiovascular events, as
well as possibly the prognosis of these patients. Another important concept is the
age of transfused RBCs. Koch et al. (2008) found in a propensity-matched analysis
that transfusion of RBCs that had been stored for more than 2 weeks was associated
with an increased risk of postoperative complications as well as reduced short-term
and long-term mortality.
Pre- and perioperative anemia in CABG patients is associated with increased
postoperative mortality and morbidity, and it is also driving force behind
transfusions of red blood cells. However, at the critical level of anemia, transfusion
of RBCs is lifesaving. The present results provide further evidence on the need for
a re-engineering of preoperative management of anemia, the prevention of intraand postoperative bleeding, and a more sparing use of blood products in patients
undergoing CABG. This can be achieved by preoperative recognition and treatment
of anemia, a preoperative discontinuation of potent antiplatelet drugs, the use of
acute normovolemic hemodilution, the use of thromboelastometry, the
intraoperative use of tranexamic acid, and an avoidance of overtransfusion
(Shander et al. 2012, Andreasen et al. 2012). As was demonstrated in our study on
individual surgeon’s role in reducing the amount of perioperative bleeding (study
III), a meticulous surgical technique remains as major goal to reduce the need for
blood transfusion. Any of these measures may significantly reduce the need of
blood transfusion with a possibly improved clinical outcome and a decrease in costs.
The negative prognostic impact of the use of FFP/Octaplas® in these patients is a
concern, as we earlier observed an increased risk of stroke associated with its use
during CABG (study IV). There is no specific data on the clinical impact of
Octaplas® transfusion in patients undergoing cardiac surgery, but De Maistre et al.
(2009) observed an increased risk of venous thromboembolism after FFP
transfusion in patients who underwent abdominal aortic surgery. Buchta et al.
(2004) reported a concern about a lower level of protein S in Octaplas® compared
with FFP. While undergoing major surgery, patients with congenital or acquired
protein S deficiency may find the administration of solvent-/detergent-treated
plasma detrimental, as it has been shown to be associated with decreased protein S
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activity (Haubelt et al. 2002, De Silvestro et al. 2007). Therefore, we may expect
that a prothrombotic status may be further enhanced by solvent-/detergent-treated
plasma in patients undergoing major surgery.
In conclusion, the significantly increased risk of all-cause and cardiac mortality
associated with transfusion of any blood product seems to be limited to the early
postoperative period and diminish later. Among different kind of blood products,
the main determinant of mortality seems to be the perioperative use of FFP or
Octaplas®.
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7

Conclusions

The results of these studies can be summarized as follows:
I

II
III
IV
V

VI

Late or no discontinuation of low-dose aspirin before CABG may decrease the
risk of postoperative stroke without increasing the risk of postoperative
bleeding.
CABG is a safe procedure during therapeutic oral anticoagulation (TOAC)
with no excess bleeding or major complications.
An individual surgeon has a major impact on postoperative bleeding and need
for re-exploration after CABG.
Re-exploration for bleeding after cardiac surgery carries a significantly
increased risk of postoperative mortality and morbidity.
Transfusion of blood products after CABG has a strong, dose-dependent
association with the risk of stroke. The use of Octaplas® and platelet
transfusions seem to have an even larger impact on the development of stroke
than red blood cell transfusions.
Transfusion of any blood product is associated with a significant risk of allcause and cardiac mortality after CABG.

95

96

References
Abdel Aal M, ElNahal N, Bakir B, Fouda M. (2011). Mini-cardiopulmonary bypass impact
on blood conservation strategy in coronary artery bypass grafting. Interactive
cardiovascular and thoracic surgery. 12(4); 600–4.
Abu-Omar Y, Taghavi F, Navaratnarajah M, Ali A, Shahir A, Yu L, Choong C, Taggart D.
(2012). The impact of off-pump coronary artery bypass surgery on postoperative renal
function. Perfusion. 27(2):127–31.
Adler Ma S, Brindle W, Burton G, Gallacher S, Hong FC, Manelius I, Smith A, Ho W,
Alston RP, Bhattacharya K. (2011). Tranexamic acid is associated with less blood
transfusion in off-pump coronary artery bypass graft surgery: a systematic review and
meta-analysis. Journal of Cardiothoracic and vascular anesthesia. Feb; 25(1):26–35.
Agarval, Johnson, Shaw. (2015). Preoperative point-of-care platelet function testing in
cardiac surgery. Journal of Cardiothoracic and Vascular Anesthesia. 29(2):333–341.
Airaksinen K, Schlitt A, Rubboli A, Karjalainen P, Lip G. (2010). How to manage
antithrombotic treatment during percutaneous coronary interventions in patients
receiving long-term oral anticoagulation: To "Bridge" Or not to "Bridge"?
EuroIntervention;6:520–6.
Ak, Isbir, Tetik, Atalan, Tekeli, Aljodi, Civelek, Arsan. (2009). Thromboelastography-based
transfusion algorithm reduces blood product use after elective CABG: a prospective
randomized study. Journal of cardiac surgery. 24: 404–10.
Alfirevic A, Xu M, Johnston D, Figueroa P, Koch C. (2011). Transfusion increases the risk
for vasoplegia after cardiac operations. Annals of Thoracic Surgery. 92(3):812–9.
Alghamdi AA, Moussa F, Fremes SE. (2007). Does the use of preoperative aspirin increase
the risk of bleeding in patients undergoing coronary artery bypass grafting surgery?
Systematic review and meta-analysis. Journal of Cardiovascular Surgery 22:247–256.
Almassi G, Carr B, Bishawi M, Shroyer A, Quin J, Hattler B, Wagner T, Collins J,
Ravichandran P, Cleveland J, Grover F, Bakaeen F. (2015). Resident versus attending
surgeon graft patency and clinical outcomes in on- versus off-pump coronary artery
bypass surgery. The journal of thoracic and cardiovascular surgery. 150(6):1428–35.
Alström U, Granath F, Friberg Ö, Ekbom A, Ståhle E. (2012). Risk factors for re-exploration
due to bleeding after coronary artery bypass grafting. Scandinavian Cardiovascular
Journal. 46: 39–44.
Andreasen JJ, Sindby JE, Brocki BC, Rasmussen BS, Dethlefsen C. (2012). Efforts to
change transfusion practice and reduce transfusion rates are effective in coronary artery
bypass surgery. Journal of Cardiothoracic and Vascular Anesthesia. Aug;26(4):545–9.
Annala A, Karjalainen P, Porela P, Nyman K, Ylitalo A, Airaksinen K. (2008). Safety of
diagnostic coronary angiography during uninterrupted therapeutic warfarin treatment.
The American journal of cardiology. 102(4):386–90.
Arnékian V, Camous J, Fattal S, Rézaiguia-Delclaux S, Nottin R, Stéphan F. (2012). Use of
prothrombin complex concentrate for excessive bleeding after cardiac surgery.
Interactive cardiovascular and thoracic surgery. 15(3):382–9.
97

Ascione R, Ghosh A, Rogers CA, Cohen A, Monk C, Angelini GD. (2005). In-hospital
patients exposed to clopidogrel before coronary artery bypass graft surgery: A word of
caution. Annals of Thoracic Surgery 79:1210–1216.
Badreldin A, Kroener A, Kamiya H, Lichtenberg A, Hekmat K. (2010). Effect of clopidogrel
on perioperative blood loss and transfusion in coronary artery bypass graft surgery.
Interactive cardiovascular and thoracic surgery. 10(1):48–52.
Bahrainwala ZS, Grega MA, Hogue CW, Baumgartner WA, Selnes OA, McKhann GM,
Gottesman RF. (2011). Intraoperative hemoglobin levels and transfusion independently
predict stroke after cardiac operations. Annals of Thoracic Surgery. Apr;91(4):1113–8
Bakaeen F, Sethi G, Wagner T, Kelly R, Lee K, Upadhyay A, Thai H, Juneman E, Goldman
S, Holman W. (2012). Coronary artery bypass graft patency: residents versus attending
surgeons. The annals of thoracic surgery. 94(2);482–8.
Beckerman Z, Shopen Y, Alon H, Cohen O, Nir RR, Adler Z, Bolotin G. (2013). Coronary
artery bypass grafting after aprotinin: are we doing better? The journal of Thoracic and
cardiovascular surgery. 145(1):243–8.
Bell ML, Grunwald GK, Baltz JH, McDonald GO, Bell MR, Grover FL, Shroyer AL. (2008).
Does preoperative hemoglobin independently predict short-term outcomes after
coronary artery bypass graft surgery? Ann Thorac Surg. Nov;86(5):1415–23
Berg K, Langaas M, Ericsson M, Pleym H, Basu S, Nordrum IS, Vitale N, Haaverstad R.
(2013). Acetylsalicylic acid treatment until surgery reduces oxidative stress and
inflammation in patients undergoing coronary artery bypass grafting. European journal
of cardiothoracic surgery. 43(6):1154–63.
Berger JS, Frye CB, Harshaw Q, Edwards FH, Steinhubl SR, Becker RC. (2008). Impact of
clopidogrel in patients with acute coronary syndromes requiring coronary artery bypass
surgery: a multicenter analysis. Journal of the American college of cardiology.
52(21):1693–701.
Berger JS, Herout PM, Harshaw Q, Steinhubl SR, Frye CB, Becker RC. (2012). Bleedingassociated outcomes with preoperative clopidogrel use in on- and off-pump coronary
artery bypass. Journal of thrombosis and thrombolysis. Jul;34(1):56–64.
Besser M, Ortmann E, Klein A. (2015). Haemostatic management of cardiac surgical
haemorrhage. Anaesthesia. 70(1);87–95.
Bhave, McGiffin, Shaw, Walsh, McCarthy, Tran, Davis. (2015). A guide to performing
cardiac surgery in patients with hereditary bleeding disorders. Journal of cardiac surgery.
30(1); 61–9.
Biancari F & Yli-Pyky S. (2011). Meta-analysis on the use of the Heartstring anastomotic
device to prevent stroke in patients undergoing off-pump coronary artery bypass
grafting. European Journal of Cardiothoracic Surgery. 40:1236–40.
Biancari F, Airaksinen KE, Lip GY. (2012). Benefits and risks of using clopidogrel before
coronary artery bypass surgery: systematic review and meta-analysis of randomized
trials and observational studies. Journal of thoracic and cardiovascular surgery.
143(3):665–675.

98

Biancari F, Kinnunen E. (2012). Red blood cell transfusion is associated with troponin
release after elective off-pump coronary artery bypass surgery. Annals of Thoracic
Surgery. 94(6):1901–7.
Biancari F, Mosorin M, Rasinaho E, Lahtinen J, Heikkinen J, Niemelä E, Anttila V,
Lepojärvi M, Juvonen T. (2007). Postoperative stroke after off-pump versus on-pump
coronary artery bypass surgery. J Thorac Cardiovasc Surg. 133:169–73.
Biancari F, Myllylä M, Lepojärvi S, Kuttila K, Porela P, Laitio T, Ylitalo A, Jokinen V,
Luokkala A, Airaksinen K. (2010). Preoperative warfarin treatment and outcome of
coronary artery bypass graft surgery. Annals of thoracic surgery. 89(4):1139–45.
Biancari F, Rimpiläinen R. (2009). Meta-analysis of randomised trials comparing the
effectiveness of miniaturised versus conventional cardiopulmonary bypass in adult
cardiac surgery. Heart. 95(12);964–9.
Biondi-Zoccai GG, Lotrionte M, Agostoni P, Abbate A, Fusaro M, Burzotta F, Testa L,
Sheiban I, Sangiorgi G. (2006). A systematic review and meta-analysis on the hazards
of discontinuing or not adhering to aspirin among 50,279 patients at risk for coronary
artery disease. European Heart Journal 27:2667–2674.
Boening, Boedeker, Scheibelhut, Rietzschel, Roth, Schönburg. (2011). Anemia before
coronary artery bypass surgery as additional risk factor increases the perioperative risk.
Annals of thoracic surgery. 92(3); 805–10.
Bracey A, Radovanĉević R, Radovanĉević B, McAllister H jr, Vaughn W, Cooley D. (1995).
Blood use in patients undergoing repeat coronary artery bypass graft procedures:
multivariate analysis. Transfusion. 35(10); 850–4.
Brown J, Cochran R, MacKenzie T, Furnary A, Kunzelman K, Ross C, Langner C,
Charlesworth D, Leavitt B, Dacey L, Helm R, Braxton J, Clough R, Dunton R,
O'Connor G; Northern New England Cardiovascular Disease Study Group. (2008).
Long-term survival after cardiac surgery is predicted by estimated glomerular filtration
rate. The annals of thoracic surgery. 86(1):4–11.
Buchta C, Felfernig M, Höcker P, Macher M, Körmöczi GF, Quehenberger P, Heinzl H,
Knöbl P. (2004). Stability of coagulation factors in thawed, solvent/detergent-treated
plasma during storage at 4 degrees C for 6 days. Vox Sang. Oct;87(3):182–6.
Bybee KA, Powell BD, Valeti U, Rosales AG, Kopecky SL, Mullany C, Wright RS. (2005).
Preoperative aspirin therapy is associated with improved postoperative outcomes in
patients undergoing coronary artery bypass grafting. Circulation 112: I286–I292, (suppl)
Cakir H, Uncu H, Gur O, Yurekli I, Acipayam M, Ozsoyler I. (2014). Coronary artery bypass
surgery. International heart journal. 55(1);29–32.
Carless PA, Henry DA, Moxey AJ, O'Connell D, Brown T, Fergusson DA. (2010). Cell
salvage for minimising perioperative allogeneic blood transfusion. The cochrane
Database of Systematic Reviews. (4):CD001888.
Carrascal Y, Guerrero AL. (2010). Neurological damage related to cardiac surgery.
Pathophysiology, diagnostic tools and prevention strategies. Using actual knowledge
for planning the future. Neurologist. 16:152–64.

99

Casati V, Speziali G, D'Alessandro C, Cianchi C, Antonietta Grasso M, Spagnolo S,
Sandrelli L. (2002). Intraoperative low-volume acute normovolemic hemodilution in
adult open-heart surgery. Anesthesiology. Aug;97(2):367–73.
Centofanti P, Savia F, La Torre M, Ceresa F, Sansone F, Veglio V, Fossati L, Guglielmi E,
Rinaldi M. (2007). A prospective study of prevalence of 60-days postoperative wound
infections after cardiac surgery. An updated risk factor analysis. Journal of
Cardiovascular Surgery (Torino). 48(5):641–6.
Cheng JW. (2012). Ticagrelor: oral reversible P2Y(12) receptor antagonist for the
management of acute coronary syndromes. Clinical therapeutics. 34(6):1209–20.
Choong CK, Gerrard C, Goldsmith KA, Dunningham H, Vuylsteke A. (2007). Delayed reexploration for bleeding after coronary artery bypass surgery results in adverse
outcomes. European Journal of Cardio-thoracic Surgery. 31;834–8.
Clemmensen P, Dridi NP, Holmvang L. (2013) Dual antiplatelet therapy with prasugrel or
ticagrelor versus clopidogrel in interventional cardiology. Cardiovascular drugs and
therapy. 27(3):239–45.
Corredor, Wasowicz, Karkouti, Sharma. (2015) The role of point-of-care platelet function
testing in predicting postoperative bleeding following cardiac surgery: A systematic
review and meta-analysis. Anaesthesia. 70(6):715–731.
Costa V, Ferolla S, Reis T, Rabello R, Rocha E, Couto C, Couto J, Bento A. (2015). Impact
of body mass index on outcome in patients undergoing coronary artery bypass grafting
and/or valve replacement surgery. Rev Bras Cir Cardiovasc. Jul-Sep;30(3):335–42.
D’Agostino Jr RB. (1998). Propensity score methods for bias reduction in the comparison
of a treatment to a non-randomized control group. Stat Med;17:2265–81.
Davierwala PM, Mohr FW. (2014). Surgical versus percutaneous revascularization in
patients with multivessel coronary artery disease. Curr Atheroscler Rep.
Dec;16(12):461.
Dacey L, Munoz J, Baribeau Y, Johnson E, Lahey S, Leavitt B, Quinn R, Nugent W,
Birkmeyer J, O’Connor G. (1998). Re-exploration for hemorrhage following coronary
artery bypass grafting. Archives of surgery. 133:442–447.
Dacey LJ, Munoz JJ, Johnson ER, Leavitt B, Maloney CT, Morton JR, Olmstead EM,
Birkmeyer JD, O´Connor GT. (2000). Effect of preoperative aspirin use on mortality in
coronary artery bypass grafting patients. Annals of Thoracic Surgery 70:1986–1990.
Daniel W, Liberman H, Kilgo P, Puskas J, Vassiliades T, Devireddy C, Jaber W, Guyton R,
Halkos M. (2014). The impact of clopidogrel therapy on postoperative bleeding after
robotic-assisted coronary artery bypass surgery. European journal of cardiothoracic
surgery. 46(1):e8–13.
Davidson S. (2014). State of the art - how I manage coagulopathy in cardiac surgery patients.
British journal of haematology. 164(6):779–89.
de Maistre E, Terriat B, Lesne-Padieu AS, Abello N, Bouchot O, Steinmetz EF. (2009). High
incidence of venous thrombosis after surgery for abdominal aortic aneurysm. Journal
of Vascular surgery. Mar;49(3):596–601.

100

De Silvestro G, Bagatella P, Tison T, Quaino V, Carraro P, Tenderini ML, Lazzaro A,
Marotti A. (2007). Virus-inactivated plasma - Plasmasafe: a one-year experience. Blood
Transfusion. Jul;5(3):134–42
Deja MA, Kargul T, Domaradzki W, Stącel T, Mazur W, Wojakowski W, Gocoł R,
Gaszewska-Żurek E, Żurek P, Pytel A, Woś S. (2012). Effects of preoperative aspirin
in coronary artery bypass grafting: a double-blind, placebo-controlled, randomized trial.
Journal of thoracic and cardiovascular surgery. 144(1):204–9.
Demeyere R, Arnout J, Strengers P. (2006). Prothrombin complex concentrate versus fresh
frozen plasma in patients on oral anticoagulant therapy undergoing cardiac surgery: a
randomized study. Crit Care. 10(Suppl 1): P233.
Desborough M, Sandu R, Brunskill S, Doree C, Trivella M, Montedori A, Abraha I,
Stanworth S. (2015). Fresh frozen plasma for cardiovascular surgery. Cochrane
Database of Systematic Reviews. (7):CD007614.
Despotis G, Avidan M, Lublin DM. (2005). Off-label use of recombinant factor VIIA
concentrates after cardiac surgery. Annals of Thoracic Surgery. 80(1):3–5.
Dhir A. (2013). Antifibrinolytics in cardiac surgery. Annals of cardiac Anaesthesia.
16(2):117–25.
Dhurandhar V, Saxena A, Parikh R, Vallely M, Wilson M, Butcher J, Black D, Tran L, Reid
C, Bannon P. (2015). Outcomes of On-Pump versus Off-Pump Coronary Artery Bypass
Graft Surgery in the High Risk (AusSCORE > 5). Heart, lung and circulation. 24(12);
1216–24.
Diprose P, Herbertson MJ, O'Shaughnessy D, Gill RS. (2005). Activated recombinant factor
VII after cardiopulmonary bypass reduces allogeneic transfusion in complex noncoronary cardiac surgery: randomized double-blind placebo-controlled pilot study.
British Journal of Anaesthia. Nov;95(5):596–602.
Dixon B, Reid D, Collins M, Newcomb A, Rosalion A, Yap C, Santamaria J, Campbell D.
(2014). The operating surgeon is an independent predictor of chest tube drainage
following cardiac surgery. Journal of cardiothoracic and vascular anesthesia.
28(2);242–6.
Dohi M, Miyata H, Doi K, Okawa K, Motomura N, Takamoto S, Yaku H. (2015). The offpump technique in redo coronary artery bypass grafting reduces mortality and major
morbidities: propensity score analysis of data from the Japan Cardiovascular Surgery
Database. European journal of cardio-thoracic surgery. 47(2);299–307.
Drews S, Bolliger D, Kaiser C, Grapow M, Reuthebuch O, Eckstein F, Matt P. (2015).
Prasugrel Increases the Need for Platelet Transfusions and Surgical Reexploration Rates
Compared with Clopidogrel in Coronary Artery Bypass Surgery. The thoracic and
cardiovascular surgeon. 63(1):28–35.
Duebener LF, Sakamoto T, Hatsuoka S, Stamm C, Zurakowski D, Vollmar B, Menger MD,
Schäfers HJ, Jonas RA. (2001). Effects of hematocrit on cerebral microcirculation and
tissue oxygenation during deep hypothermic bypass. Circulation. Sep 18;104(12 Suppl
1):I260–4.

101

Engel A, McDonough S, Smith J. (2009). Does an obese body mass index affect hospital
outcomes after coronary artery bypass graft surgery? The annals of thoracic surgery.
88(6):1793–800.
Engoren MC, Habib RH, Zacharias A, Schwann TA, Riordan CJ, Durham SJ. (2002). Effect
of blood transfusion on long-term survival after cardiac operation. Annals of Thoracic
Surgery. Oct;74(4):1180–6.
Engoren, Schwann, Habib, Neill, Vance, Likosky. (2014). Annals of thoracic surgery. 97(2):
514–20.
Esfandiari B, Bistgani MM, Kabiri M. (2013). Low dose tranexamic acid effect on postcoronary artery bypass grafting bleeding. Asian Cardiovascular and Thoracic Annals.
21(6):669–74.
Fergusson DA, Hébert PC, Mazer CD, Fremes S, MacAdams C, Murkin JM, Teoh K, Duke
PC, Arellano R, Blajchman MA, Bussières JS, Côté D, Karski J, Martineau R, Robblee
JA, Rodger M, Wells G, Clinch J, Pretorius R; BART Investigators. (2008). A
comparison of aprotinin and lysine analogues in high-risk cardiac surgery. New Englanf
journal of Medicine. 358(22):2319–31.
Ferraris VA, Ferraris SP, Joseph O, Wehner P, Mentzer RM Jr. (2002). Aspirin and
postoperative bleeding after coronary artery bypass grafting. Annals of Surgery
235:820–827.
Ferraris VA, Ferraris SP, Saha SP, Hessel EA 2nd, Haan CK, Royston BD, Bridges
CR,Higgins RS, Despotis G, Brown JR; Society of Thoracic Surgeons Blood
Conservation Guideline Task Force. Spiess BD, Shore-Lesserson L,Stafford-Smith M,
Mazer CD, Bennett-Guerrero E, Hill SE, Body S¸ Society of Cardiovascular
Anesthesiologists Special Task Force on Blood Transfusion. (2007). Perioperative
blood transfusion and blood conservation in cardiac surgery: the Society of Thoracic
Surgeons and The Society of Cardiovascular Anesthesiologists clinical practice
guideline. Annals of Thoracic Surgery. 83(5 Suppl):S27–86.
Filsoufi F, Castillo J, Rahmanian P, Scurlock C, Fischer G, Adams D. (2006). Effective
management of refractory postcardiotomy bleeding with the use of recombinant
activated factor VII. Ann Thorac Surg. 82(5):1779–83.
Filsoufi F, Rahmanian PB, Castillo JG, Bronster D, Adams DH. (2008). Incidence, imaging
analysis, and early and late outcomes of stroke after cardiac valve operation. Am J
Cardiol. 101:1472–8.
Filsoufi F, Rahmanian PB, Castillo JG, Kahn RA, Fischer G, Adams DH. (2008).
Clopidogrel treatment before coronary artery bypass graft surgery increases
postoperative morbidity and blood product requirements. Journal of Cardiothoracic and
Vascular Anesthesiology 22:60–66.
Finley A & Greenberg C. (2013). Heparin Sensitivity and Resistance: Management During
Cardiopulmonary Bypass. Anesthesia & Analgesia. 116(6):1210–1222
Firanescu C, Martens E, Schönberger J, Soliman Hamad M, van Straten A. (2009).
Postoperative blood loss in patients undergoing coronary artery bypass surgery after
preoperative treatment with clopidogrel. A prospective randomized controlled study.
European journal of cardiothoracic surgery. 36(5):856–62.
102

Folkersen L, Tang M, Grunnet N, Jakobsen CJ. (2011). Transfusion of shed mediastinal
blood reduces the use of allogenic blood transfusion without increasing complications.
Perfusion. 26(2):145–50.
Gage B, Waterman A, Shannon W, Boechler M, Rich M, Radford M. (2001). Validation of
clinical classification schemes for predicting stroke: Results from the national registry
of atrial fibrillation. JAMA;285:2864–70.
García Rodríguez LA, Cea Soriano L, Hill C, Johansson S. (2011). Increased risk of stroke
after discontinuation of acetylsalicylic acid: A UK primary care study. Neurology
76:740–746.
Garg A, Devereaux P, Yusuf S, Cuerden M, Parikh C, Coca S, Walsh M, Novick R, Cook
R, Jain A, Pan X, Noiseux N, Vik K, Stolf N,Ritchie A, Favaloro R, Parvathaneni S,
Whitlock R, Ou Y, Lawrence M, Lamy A; CORONARY Investigators. (2014). Kidney
function after off-pump or on-pump coronary artery bypass graft surgery: a randomized
clinical trial. JAMA. 311(21):2191–8.
Ghaffari Nejad M, Baharestani B, Esfandiari R, Hashemi J, Panahipoor A. (2012).
Evaluation and Comparison of Using Low-Dose Aprotinin and Tranexamic Acid in
CABG: a Double Blind Randomized Clinical Trial. The journal of Tehran Heart Center.
7(1):15–8.
Gill R, Herbertson M, Vuylsteke A, Olsen PS, von Heymann C, Mythen M, Sellke F, Booth
F, Schmidt TA. (2009). Safety and efficacy of recombinant activated factor VII: a
randomized placebo-controlled trial in the setting of bleeding after cardiac surgery.
Circulation. 120(1):21–7.
Goldstein J, Refaai M, Milling T Jr, Lewis B, Goldberg-Alberts R, Hug B, Sarode R. (2015).
Four-factor prothrombin complex concentrate versus plasma for rapid vitamin K
antagonist reversal in patients needing urgent surgical or invasive interventions: a phase
3b, open-label, non-inferiority, randomised trial. Lancet. 385(9982):2077–87.
Gulbins H, Malkoc A, Ennker IC, Ennker J. (2009). Preoperative platelet inhibition with
ASA does not influence postoperative blood loss following coronary artery bypass
grafting. Thoracic and cardiovascular surgery. 57(1):18–21.
Gunn J, Kuttila K, Kiviniemi T, Ylitalo A, Biancari F, Juvonen T, Airaksinen K. (2014).
Outcome after coronary artery bypass surgery and percutaneous coronary intervention
in patients with atrial fibrillation and oral anticoagulation. Annals of medicine.
46(5):330–4.
Habib RH, Zacharias A, Schwann TA, Riordan CJ, Durham SJ, Shah A. (2003). Adverse
effects of low hematocrit during cardiopulmonary bypass in the adult: should current
practice be changed? J Thorac Cardiovasc Surg. Jun;125(6):1438–50.
Handeland G, Abildgaard U, Holm H, Arnesen K. (1990). Dose adjusted heparin treatment
of deep venous thrombosis: a comparison of unfractionated and low molecular weight
heparin. European journal of clinical pharmacology. 39(2):107–12.
Hastings S, Myles P, McIlroy D. (2015). Apirin and coronary artery surgery: a systematic
review and meta-analysis. British journal of anaesthesia. 115(3):376–85.

103

Haubelt H, Blome M, Kiessling AH, Isgro F, Bach J, Saggau W, Hellstern P. (2002). Effects
of solvent/detergent-treated plasma and fresh-frozen plasma on haemostasis and
fibrinolysis in complex coagulopathy following open-heart surgery. Vox Sang.
Jan;82(1):9–14.
Haugen O, Farstad M, Myklebust R, Kvalheim V, Hammersborg S, Husby P. (2007). Low
perfusion pressure during CPB may induce cerebral metabolic and ultrastructural
changes. Scandinavian Cardiovascular journal. 41:331–8.
Held C, Asenblad N, Bassand JP, Becker RC, Cannon CP, Claeys MJ, Harrington RA,
Horrow J, Husted S, James SK, Mahaffey KW, Nicolau JC, Scirica BM, Storey RF,
Vintila M, Ycas J, Wallentin L. (2011). Ticagrelor versus clopidogrel in patients with
acute coronary syndromes undergoing coronary artery bypass surgery: results from the
PLATO (Platelet Inhibition and Patient Outcomes) trial. The journal of American
college of cardiology. 57(6):672–84.
Henry D, Carless P, Moxey A, O'Connell D, Stokes B, Fergusson D, Ker K. (2011). Antifibrinolytic use for minimising perioperative allogeneic blood transfusion. The
cochrane Database of Systematic Reviews. (1):CD001886.
Hertfelder, Bös, Weber, Winkler, Hanfland, Preusse. (2005). Seminars in thrombosis and
hemostasis. 31(4):426–40.
Higgins JPT, Altman DG. (2008). On behalf of the Cochrane Statistical Methods Group; the
Cochrane Bias Methods Group (editors). Assessing risk of bias in included studies. In:
Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of
Interventions Version 5.0.0. The Cochrane Collaboration 2008.
Hijazi E. (2011). Aspirin does not increase bleeding and allogeneic blood transfusion in
coronary artery surgery. Thoracic and cardiovascular surgery. 59(7):421–4.
Horton S & Augustin S. (2013). Activated clotting time (ACT). Methods in molecular
biology. 992:155–67.
Howell N, Keogh B, Bonser R, Graham T, Mascaro J, Rooney S, Wilson I, Pagano D. (2008).
Mild renal dysfunction predicts in-hospital mortality and post-discharge survival
following cardiac surgery. European journal of cardiothoracic surgery. 34(2):390–5.
Hylek E, Evans-Molina C, Shea C, Henault L, Regan S. (2007). Major hemorrhage and
tolerability of warfarin in the first year of therapy among elderly patients with atrial
fibrillation. Circulation;115:2689–96.
Höhn L, Schweizer A, Licker M, Morel DR. (2002). Absence of beneficial effect of acute
normovolemic hemodilution combined with aprotinin on allogeneic blood transfusion
requirements in cardiac surgery. Anesthesiology. Feb;96(2):276–82.
Ipema H, Tanzi M. (2012). Use of topical tranexamic acid or aminocaproic acid to prevent
bleeding after major surgical procedures. The Annals of Pharmacotherapy. 46(1):97–
107.
Ix J, Mercado N, Shlipak M, Lemos P, Boersma E, Lindeboom W, O'Neill W, Wijns W,
Serruys P. (2005). Association of chronic kidney disease with clinical outcomes after
coronary revascularization: the Arterial Revascularization Therapies Study (ARTS).
American heart journal. 149(3):512–9.

104

Jacob M, Smedira N, Blackstone E, Williams S, Cho L. (2011). Effect of timing of chronic
preoperative aspirin discontinuation on morbidity and mortality in coronary artery
bypass surgery. Circulation 123:577–583.
Johansson P, Solbeck S, Genet G, Stensballe J, Ostrowski S. (2012). Coagulopathy and
hemostatic monitoring in cardiac surgery: An update. Scandinavian cardiovascular
journal. 46: 194–202.
Johansson P, Stissing T, Bochsen L, Ostrowski S. (2009). Thrombelastography and
tromboelastometry in assessing coagulopathy in trauma. Scandinavian journal of
trauma, resuscitation and emergency medicine. 17;45.
Jones H, Muhlestein J, Jones K, Renlund D, Bair T, Bunch T, Horne B, Lappé D, Anderson
J, Doty D. (2005). Early postoperative use of unfractionated heparin or enoxaparin is
associated with increased surgical re-exploration for bleeding. The Annals of thoracic
surgery. 80(2):518–22.
Karjalainen P, Vikman S, Niemelä M, Porela P, Ylitalo A, Vaittinen M, Puurunen M,
Airaksinen TJ, Nyman K, Vahlberg T, Airaksinen KE. (2008). Safety of percutaneous
coronary intervention during uninterrupted oral anticoagulant treatment. European
Heart Journal;29:1001–10.
Karkouti K, Beattie WS, Wijeysundera DN, Yau TM, McCluskey SA, Ghannam M, Sutton
D, van Rensburg A, Karski J. (2005). Recombinant factor VIIa for intractable blood
loss after cardiac surgery: a propensity score-matched case-control analysis.
Transfusion. 45(1):26–34.
Karkouti K, Djaiani G, Borger MA, Beattie WS, Fedorko L, Wijeysundera D, Ivanof J,
Karski J. (2005). Low hematocrit during cardiopulmonary bypass is associated with
increased risk of perioperative stroke in cardiac surgery. Annals of thoracic surgery.
80:1381–7.
Karkouti K, Djaiani G, Borger MA, Beattie WS, Fedorko L, Wijeysundera D, Ivanov J,
Karski J. (2005). Low hematocrit during cardiopulmonary bypass is associated with
increased risk of perioperative stroke in cardiac surgery. Annals of Thoracic Surgery.
Oct;80(4):1381–7.
Karthik S, Grayson AD, McCarron EE, Pullan M, Desmond MJ. (2004). Re-exploration for
bleeding after coronary artery bypass surgery: risk factors, outcomes, and the effect of
time delay. Annals of thoracic surgery. 78:527–34.
Kasper SM, Giesecke T, Limpers P, Sabatowski R, Mehlhorn U, Diefenbach C. (2001).
Failure of Autologous Fresh Frozen Plasma to Reduce Blood Loss and Transfusion
Requirements in Coronary Artery Bypass Surgery. Anesthesiology. 95:81–6.
Khorana AA, Francis CW, Blumberg N, Culakova E, Refaai MA, Lyman GH. (2008). Blood
transfusions, thrombosis, and mortality in hospitalized patients with cancer. Arch Intern
Med. Nov 24;168(21):2377–81.
Klein A, Nashef S, Sharples L, Bottrill F, Dyer M, Armstrong J, Vuylsteke A. (2008). A
randomized controlled trial of cell salvage in routine cardiac surgery. Anesthesia and
analgesia. 107(5):1487–95.

105

Koch C, Li L, Duncan AI, Mihaljevic T, Cosgrove DM, Loop F, Starr N, Blackstone E.
(2006). Morbidity and mortality risk associated with red blood cell and bloodcomponent transfusion in isolated coronary artery bypass grafting. Critical Care
Medicine. 34(6):1608–16.
Koch C, Li L, Sessler DI, Figueroa P, Hoeltge GA, Mihaljevic T, Blackstone EH. (2008).
Duration of red-cell storage and complications after cardiac surgery. The New England
journal of medicine. 358(12):1229–39.
Koch CG, Li L, Duncan AI, Mihaljevic T, Loop FD, Starr NJ, Blackstone EH. (2006).
Transfusion in coronary artery bypass grafting is associated with reduced long-term
survival. Annals of Thoracic Surgery. May;81(5):1650–7.
Koivisto, Wistbacka, Rimpiläinen, Nissinen, Loponen, Teittinen, Biancari F. (2010).
Miniaturized versus conventional cardiopulmonary bypass in high-risk patients
undergoing coronary artery bypass surgery. Perfusion. 25(2); 65–70.
Kuduvalli M, Oo AY, Newall N, Grayson AD, Jackson M, Desmond MJ, Fabri BM, Rashid
A. (2005). Effect of peri-operative red blood cell transfusion on 30-day and 1-year
mortality following coronary artery bypass surgery. European journal of Cardiothoracic Surgery. 27(4):592–8.
Kulier, Levin, Moser, Rumpold-Seitlinger, Tudor, Snyder-Ramos, Moehnle, Mangano.
(2007). Impact of preoperative anemia on outcome in patients undergoing coronary
artery bypass graft surgery. Circulation. 116(5); 471–9.
Lahtinen J, Biancari F, Salmela E, Mosorin M, Satta J, Rainio P, Rimpiläinen J, Lepojärvi
M, Juvonen T. (2004). Postoperative atrial fibrillation is a major cause of stroke after
on-pump coronary artery bypass surgery. Annals of thoracic surgery. 77:1241–4.
Lemma M, Coscioni E, Tritto F, Centofanti P, Fondacone C, Salica A, Rossi A, De Santo T,
Di Benedetto G, Piazza L, Rinaldi M, Schinosa A, De Paulis R, Contino M, Genoni M.
(2012). On-pump versus off-pump coronary artery bypass surgery in high-risk patients:
operative results of a prospective randomized trial (on-off study). 143(3); 625–31.
Leong J, Baker R, Shah P, Cherian V, Knight J. (2005). Clopidogrel and bleeding after
coronary artery bypass graft surgery. The annals of thoracic surgery. 80(3):928–33.
Lin Z, Xiaoyi Z. (2016). Tranexamic acid-associated seizures: A meta-analysis. Seizure.
36:70–3.
Litmathe J, Kurt M, Feindt P, Gams E, Boeken U. (2009). The impact of pre- and
postoperative renal dysfunction on outcome of patients undergoing coronary artery
bypass grafting (CABG). The thoracic and cardiovascular surgeon. 57(8):460–3.
Llinas RH. (2006). Could discontinuation of aspirin therapy be a trigger for stroke? Nature
Clinical Practice. Neurology 2:300–301.
Ma X, Ma C, Yun Y, Zhang Q, Zheng X. (2014). Safety and efficacy outcomes of
preoperative aspirin in patients undergoing coronary artery bypass grafting: a
systematic review and meta-analysis. Journal of cardiovascular and pharmacology and
therapeutics. 19(1):97–113.
Mangano DT. (2002). Multicenter Study of Perioperative Ischemia Research Group: Aspirin
and mortality from coronary bypass surgery New England Journal of Medicine
347:1309–1317.
106

Martin M, Spinler S, Nutescu E. (2011). Emerging antiplatelet therapies in percutaneous
coronary intervention: a focus on prasugrel. Clinical therapeutics. 33(4):425–42.
Masud F, Bostan F, Chi E, Pass SE, Samir H, Stuebing K, Liebl MG. (2009). Recombinant
factor VIIa treatment of severe bleeding in cardiac surgery patients: a retrospective
analysis of dosing, efficacy, and safety outcomes. Journal of Cardiothoracic and
Vascular Anesthesia. 23(1):28–33.
Matsuda, Fukui, Shimizu, Takao, Takanashi, Tomoike. (2013). Associations between
preoperative anemia and outcomes after off-pump coronary artery bypass grafting.
Annals of thoracic surgery. 95(3):854–60.
Matsuzaki K, Matsui K, Haraguchi N, Nagano I, Okabe H, Asou T. (1999). Ischemic heart
attacks following cessation of aspirin before coronary artery bypass surgery: A report
of two cases. Annals of Thoracic and Cardiovascular Surgery 5:121–122.
Maulaz AB, Bezerra DC, Michel P, Bogousslavsky J. (2005). Effect of discontinuing aspirin
therapy on the risk of brain ischemic stroke. Archives of Neurology 62:1217–1220.
McGrath T, McGrath, Koch C, Xu M, Li L, Mihaljevic T, Figueroa P, Blackstone E. (2008).
Platelet Transfusion in Cardiac Surgery Does Not Confer Increased Risk for Adverse
Morbid Outcomes. Annals of Thoracis Surgery. 86:543–53.
Mehta R, Sheng S, O'Brien S, Grover F, Gammie J, Ferguson T, Peterson E. (2009).
Reoperation for Bleeding in Patients Undergoing Coronary Artery Bypass Surgery:
Incidence, Risk Factors, Time Trends, and Outcomes. Circulation: cardiovascular
quality and outcomes. 2;583–590.
Mensah and Gooding. (2015). Surgery in patients with inherited bleeding disorders.
Anaesthesia. 70(1);112–120.
Miura T, Sakamoto T, Kobayashi M, Shin'oka T, Kurosawa H. (2007). Hemodilutional
anemia impairs neurologic outcome after cardiopulmonary bypass in a piglet model. J
Thorac Cardiovasc Surg. Jan;133(1):29–36.
Möhnle P, Snyder-Ramos SA, Miao Y, Kulier A, Böttiger BW, Levin J, Mangano DT;
Multicenter Study of Perioperative Ischemia (McSPI) Research Group. (2011).
Postoperative red blood cell transfusion and morbid outcome in uncomplicated cardiac
surgery patients. Intensive Care Medicine. 37(1):97–109.
Moulton MJ, Creswell LL, Mackey ME, Cox JL, Rosenbloom M. (1996). Re-exploration
for bleeding is a risk factor for adverse outcomes after cardiac operations. Journal of
thoracic and cardiovascular surgery. 111:1037–46.
Murphy GJ, Reeves BC, Rogers CA, Rizvi SI, Culliford L, Angelini GD. (2007). Increased
mortality, postoperative morbidity, and cost after red blood cell transfusion in patients
having cardiac surgery. Circulation. Nov 27;116(22):2544–52.
Myles P, Smith J, Forbes A, Silbert B, Jayarajah M, Painter T, Cooper DJ, Marasco S,
McNeil J, Bussières J, McGuinness S, Byrne K, Chan M, Landoni G, Wallace S. (2017).
Tranexamic Acid in Patients Undergoing Coronary-Artery Surgery. The new England
journal of medicine. 376(2):136–148.
Nascimento B, Goodnough L, Levy J. (2014). Cryoprecipitate therapy. British journal of
Anaesthesia. 113(6):922–34.

107

Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow S, Salamon R. (1999). European
system for cardiac operative risk evaluation (EuroSCORE). European Journal of
Cardiothoracic Surgery 16:9–13.
Niranjan G, Asimakopoulos G, Karagounis A, Cockerill G, Thompson M, Chandrasekaran
V. (2006). Effects of cell saver autologous blood transfusion on blood loss and
homologous blood transfusion requirements in patients undergoing cardiac surgery onversus off-cardiopulmonary bypass: a randomised trial. European journal of Cardiothoracic Surgery. 30(2):271–7.
Nissinen J, Biancari F, Wistbacka JO, Peltola T, Loponen P, Tarkiainen P, Virkkilä M,
Tarkka M. (2009). Safe time limits of aortic cross-clamping and cardiopulmonary
bypass in adult cardiac surgery. Perfusion. 24:297–305.
Nolan H & Ramaiah C. (2011). Effect of body mass index on postoperative transfusions and
24-hour chest-tube output. The international journal of angiology. 20(2):81–6.
Nolan H, Davenport D, Ramaiah C. (2013). BMI is an independent preoperative predictor
of intraoperative transfusion and postoperative chest-tube output. The international
journal of angiology. 22(1):31–6.
Paone G, Likosky D, Brewer R, Theurer P, Bell G, Cogan C, Prager R. (2014). Transfusion
of 1 and 2 units of red blood cells is associated with increased morbidity and mortality.
Annals of Thoracic Surgery. Jan;97(1):87–93.
Papachristofi O, Mackay J, Powell S, Nashef S, Sharples L. (2014). Impact of the
anesthesiologist and surgeon on cardiac surgical outcomes. Journal of cardiothoracic
and vascular anesthesia. 28(1):103–109.
Payani N, Foroughi M, Dabbagh A. (2015). The Effect of Intravenous Administration of
Active Recombinant Factor VII on Postoperative Bleeding in Cardiac Valve
Reoperations; A Randomized Clinical Trial. Anesthesiology and Pain Medicine.
5(1):e2284
Poli D, Antonucci E, Marcucci R, Fatini C, Alterini B, Mannini L, Falciani M, Abbate R,
Gensini GF, Prisco D. (2007). Risk of bleeding in very old atrial fibrillation patients on
warfarin: Relationship with ageing and chads2 score. Thrombosis Research;121:347–
52.
Ponschab M1, Landoni G, Biondi-Zoccai G, Bignami E, Frati E, Nicolotti D, Monaco F,
Pappalardo F, Zangrillo A. (2011). Recombinant activated factor VII increases stroke
in cardiac surgery: a meta-analysis. J Cardiothorac Vasc Anesth. Oct;25(5):804–10.
Puskas J, Williams W, Duke P, Staples J, Glas K, Marshall J, Leimbach M, Huber P, Garas
S, Sammons B, McCall S, Petersen R, Bailey D, Chu H, Mahoney E, Weintraub W,
Guyton R. (2003). Off-pump coronary artery bypass grafting provides complete
revascularization with reduced myocardial injury, transfusion requirements, and length
of stay: a prospective randomized comparison of two hundred unselected patients
undergoing off-pump versus conventional coronary artery bypass grafting. Journal of
thoracic and cardiovascular surgery. 125(4);797–808.
Radulovic V, Laffin A, Hansson K, Backlund E, Baghaei E, Jeppsson A. (2015). Heparin
and Protamine Titration Does Not Improve Haemostasis after Cardiac Surgery: A
Prospective Randomized Study. 10(7).
108

Raghunathan K, Connelly NR, Kanter GJ. (2011). ε-Aminocaproic acid and clinical value
in cardiac anesthesia. Journal of Cardiothoracic and Vascular Anesthesia. 25(1):16–9.
Raivio P, Suojaranta-Ylinen R, Kuitunen A. (2005). Recombinant factor VIIa in the
treatment of postoperative hemorrhage after cardiac surgery. Annals of Thoracic
Surgery. 80(1):66–71.
Ranucci M, Bozzetti G, Ditta A, Cotza M, Carboni G, Ballotta A. (2008). Surgical reexploration after cardiac operations: why a worse outcome? Annals of Thoracic
Surgery;86:1557–62.
Ranucci M, Pazzaglia A, Bianchini C, Bozzetti G, Isgrò G. (2008). Body size, gender, and
transfusions as determinants of outcome after coronary operations. Annals of Thoracic
Surgery. 85(2):481–6.
Riera M, Ibáñez J, Molina M, Sáez de Ibarra JI, Herrero J, Carrillo A, Campillo C, Bonnín
O. (2009). Preoperative anemia in coronary surgery: a risk factor? Med Intensiva.
Nov;33(8):370-6.
Rodríguez LA, Cea-Soriano L, Martín-Merino E, Johansson S. (2011). Discontinuation of
low dose aspirin and risk of myocardial infarction: Case control study in UK primary
care. BMJ 343: d4094.
Russo A, Cannizzo M, Ghetti G, Barbaresi E, Filippini E, Specchia S, Branzi A. (2011).
Idiopathic thrombocytopenic purpura and coronary artery disease: comparison between
coronary artery bypass grafting and percutaneous coronary intervention. Interactive
Cardiovascular and Thoracic Surgery. 13(2):153–7.
Sá MP, Soares EF, Santos CA, Figueiredo OJ, Lima RO, Rueda FG, Escobar RR, Soares
AM, Lima Rde C. (2011). Predictors of transfusion of packed red blood cells in
coronary artery bypass grafting surgery. Rev Bras Cir Cardiovasc. 26(4):552–8.
Sabzi F, Kazerani H, Jalali A, Samadi M, Ghasemi F. (2013). Coronary arteries bypass
grafting surgery in elderly patients. The journal of Tehran Heart Center. 8(2):76–88.
Sandoughdaran S, Sarzaeem MR, Bagheri J, Jebelli M, Mandegar MH. (2013). Predictors
of blood transfusion in patients undergoing coronary artery bypass grafting surgery.
Internatonal Cardiovascular Research journal. 7(1):25–8.
Saxena A, Dinh D, Smith J, Reid C, Shardey G, Newcomb A. (2013). Excellent short- and
long-term outcomes after concomitant aortic valve replacement and coronary artery
bypassgrafting performed by surgeons in training. The journal of thoracic and
cardiovascular surgery. 145(2); 334–40.
Schotola H, Bräuer A, Meyer K, Hinz J, Schöndube FA, Bauer M, Mohite PN, Danner BC,
Sossalla S, Popov AF. (2014). Perioperative outcomes of cardiac surgery patients with
ongoing ticagrelor therapy: boon and bane of a new drug. Eur J Cardiothorac Surg.
Aug;46(2):198-205.
Sellman M, Intonti MA, Ivert T. (1997). Reoperations for bleeding after coronary artery
bypass procedures during 25 years. European journal of cardiothoracic surgery. 11:521–
7.

109

Serruys P, Morice M, Kappetein A, Colombo A, Holmes D, Mack M, Ståhle E, Feldman TE,
van den Brand M, Bass EJ, Van Dyck N, Leadley K, Dawkins KD, Mohr FW. (2009).
SYNTAX Investigators. Percutaneous coronary intervention versus coronary-artery
bypass grafting for severe coronary artery disease. New England Journal of
Medicine;360:961–72.
Shander A, Puzio T, Javidroozi M. (2012). Variability in transfusion practice and
effectiveness of strategies to improve it. Journal of Cardiothoracic and Vascular
Anesthesia. Aug;26(4):541–4.
Shaw R, Johnson C, Ferrari G, Brizzio M, Sayles K, Rioux N, Zapolanski A, Grau J. (2014).
Blood transfusion in cardiac surgery does increase the risk of 5-year mortality: results
from a contemporary series of 1714 propensity-matched patients. Transfusion.
Apr;54(4):1106–13.
Simak J, Gelderman MP. (2006). Cell membrane microparticles in blood and blood products:
potentially pathogenic agents and diagnostic markers. Transfus Med Rev. Jan;20(1):1–
26.
Sipahi I, Akay MH, Dagdelen S, Blitz A, Alhan C. (2014). Coronary artery bypass grafting
vs percutaneous coronary intervention and long-term mortality and morbidity in
multivessel disease: meta-analysis of randomized clinical trials of the arterial grafting
and stenting era. JAMA Intern Med. Feb 1;174(2):223-30.
Sirvinskas E, Lenkutis T, Raliene L, Veikutiene A, Vaskelyte J, Marchertiene I. (2005).
Influence of residual blood autotransfused from cardiopulmonary bypass circuit on
clinical outcome after cardiac surgery. Perfusion. 20(2):71–5.
Sirvinskas E, Veikutiene A, Benetis R, Grybauskas P, Andrejaitiene J, Veikutis V, Surkus J.
(2007). Influence of early re-infusion of autologous shed mediastinal blood on clinical
outcome after cardiac surgery. Perfusion. 22(5):345–52.
Smith P, Goodnough L, Levy J, Poston R, Short M, Weerakkody G, Lenarz L. (2012).
Mortality benefit with prasugrel in the TRITON-TIMI 38 coronary artery bypass
grafting cohort: risk-adjusted retrospective data analysis. Journal of the American
college of cardiology. 60(5):388–96.
Spiess B, Royston D, Levy J, Fitch J, Dietrich W, Body S, Murkin J, Nadel A. (2004).
Platelet transfusions during coronary artery bypass graft surgery are associated with
serious adverse outcomes. Transfusion. 44:1143– 8.
Spinler S, Wittkowsky A, Nutescu E, Smythe M. (2005). Anticoagulation monitoring part 2:
Unfractionated heparin and low-molecular-weight heparin. The annals of
Pharmacotherapy. 39(7–8):1275–1285.
Srinivasan AK, Grayson AD, Pullan DM, Fabri BM, Dihmis WC. (2003). Effect of
preoperative aspirin use in off-pump coronary artery bypass operations. Annals of
Thoracic Surgery 76:41–45.
Stoica S, Kalavrouziotis D, Martin B, Buth K, Hirsch G, Sullivan J, Baskett R. (2008). Longterm results of heart operations performed by surgeons-in-training. Circulation.
118(14);S1–6.

110

Stone G, Clayton T, Mehran R, Dangas G, Parise H, Fahy M, Pocock S. (2012). Impact of
major bleeding and blood transfusions after cardiac surgery: analysis from the Acute
Catheterization and Urgent Intervention Triage StrategUrgent Intervention Triage
StrategY (ACUITY) trial. American heart journal. 163(3):522–9.
Strauss R, Wehler M, Mehler K, Kreutzer D, Koebnick C, Hahn E. (2002).
Thrombocytopenia in patients in the medical intensive care unit: bleeding prevalence,
transfusion requirements, and outcome. Critical care medicine. 30(8):1765–71.
Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher D, Becker BJ,
Sipe TA, Thacker SB. (2000). Meta-analysis of observational studies in epidemiology.
A proposal for reporting. JAMA;283:2008–12.
Sun JC, Whitlock R, Cheng J, Eikelboom JW, Thabane L, Crowther MA, Teoh KH. (2008).
The effect of pre-operative aspirin on bleeding, transfusion, myocardial infarction, and
mortality in coronary artery bypass surgery: A systematic review of randomized and
observational studies. European Heart Journal 29:1057–1071.
Surgenor SD, Kramer RS, Olmstead EM, Ross CS, Sellke FW, Likosky DS, Marrin CA,
Helm RE Jr, Leavitt BJ, Morton JR, Charlesworth DC, Clough RA, Hernandez F,
Frumiento C, Benak A, DioData C, O'Connor GT; Northern New England
Cardiovascular Disease Study Group. (2009). The association of perioperative red
blood cell transfusions and decreased long-term survival after cardiac surgery.
Anesthesia and Analgesia. 108(6):1741–6.
Tarakji KG, Sabik JF, 3rd, Bhudia SK, Batizy LH, Blackstone EH. (2011). Temporal onset,
risk factors, and outcomes associated with stroke after coronary artery bypass grafting.
JAMA. 305:381–90.
Tolosana J, Berne P,Mont L, Heras M, Berruezo A, Monteagudo J, Tamborero D, Benito B,
Brugada J. (2009). Preparation for pacemaker or implantable cardiac defibrillator
implants in patientswith high risk of thrombo-embolic events: Oral anticoagulation or
bridging with intravenous heparin? A prospective randomized trial. European Heart
Journal;30:1880–4.
Torosian M, Michelson EL, Morganroth J, MacVaugh H 3rd. (1978). Aspirin- and coumadinrelated bleeding after coronary artery bypass graft surgery. Annals of internal medicine.
89(3):325–8.
Unsworth-White MJ, Herriot A, Valencia O, Poloniecki J, Smith EE, Murday AJ, Parker DJ,
Treasure T. (1995). Resternotomy for bleeding after cardiac operation: a marker for
increased morbidity and mortality. Annals of thoracic surgery. 59:664–7.
Vainrub S, Patanwala A, Cosgrove R, Poston R, Nolan P Jr. (2014). Bleeding outcomes in
patients given clopidogrel within 5 days of robotic coronary artery bypass graft
procedure. Annals of pharmacotherapy. 48(1):48–53.
Valdis M, Chu M, Schlachta C, Kiaii B. (2016). Evaluation of robotic simulation training: a
randomized controlled trial. Cardiovascular surgery. 151(6):1498–1505.
van der Linden J, Hadjinikolaou L, Bergman P, Lindblom D. (2001). Postoperative stroke
in cardiac surgery is related to the location and extent of atherosclerotic disease in the
ascending aorta. Journal of the American college of cardiology. 38(1):131–5.

111

van Straten A, Hamad M, van Zundert A, Martens E, Schönberger J, de Wolf A. (2009).
Preoperative hemoglobin level as a predictor of survival after coronary artery bypass
grafting: a comparison with the matched general population. Circulation. 120(2);118–
25.
van Straten A, Soliman Hamad M, van Zundert A, Martens E, Schönberger J, de Wolf A.
(2009). Preoperative renal function as a predictor of survival after coronary artery
bypass grafting: comparison with a matched general population. The journal of thoracic
and cardiovascular surgery. 138(4):971–6.
van Straten AH, Bekker MW, Soliman Hamad MA, van Zundert AA, Martens EJ,
Schönberger JP, de Wolf AM. (2010). Transfusion of red blood cells: the impact on
short-term and long-term survival after coronary artery bypass grafting, a ten-year
follow-up. Interactive Cardiovascular and Thoracic Surgery. Jan;10(1):37–42.
Vassallo R, Goldman M, Germain M, Lozano M; BEST Collaborative. (2015). Preoperative
Autologous Blood Donation: Waning Indications in an Era of Improved Blood Safety.
Transfusion Medicine Reviews. 29(4):268–75.
Venema, Post, Hendriks, Huet, de Wolf, de Vries AJ. (2010). An assessment of clinical
interchangeability of TEG and RoTEM thromboelastographic variables in cardiac
surgical patients. Anesthesia and analgesia. 111(2): 339–44.
Vonk A, Meesters M, Garnier R, Romijn J, van Barneveld L, Heymans M, Jansen E, Boer
C. (2013). Intraoperative cell salvage is associated with reduced postoperative blood
loss and transfusion requirements in cardiac surgery: a cohort study. Transfusion.
53(11):2782–9.
Vonk A, Veerhoek D, van den Brom C, van Barneveld L, Boer C. (2014). Individualized
heparin and protamine management improves rotational thromboelastometric
parameters and postoperative hemostasis in valve surgery. Journal of Cardiothoracic
and Vascular Anesthesia. 28(2):235–41.
Vuylsteke A, Pagel C, Gerrard C, Reddy B, Nashef S, Aldam P, Utley M. (2011). The
Papworth Bleeding Risk Score: a stratification scheme for identifying cardiac surgery
patients at risk of excessive early postoperative bleeding. European journal of cardiothoracic surgery. 39(6);924–30.
Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, Horrow J, Husted
S, James S, Katus H, Mahaffey KW, Scirica BM, Skene A, Steg PG, Storey RF,
Harrington RA; PLATO Investigators, Freij A, Thorsén M. (2009). Ticagrelor versus
clopidogrel in patients with acute coronary syndromes. N Engl J Med. Sep
10;361(11):1045–57.
Wang G, Bainbridge D, Martin J, Cheng D. (2009). The efficacy of an intraoperative cell
saver during cardiac surgery: a meta-analysis of randomized trials. Anesthesia and
analgesia. 109(2):320–30.
Wang J, Ma HP, Zheng H. (2013). Blood loss after cardiopulmonary bypass, standard vs
titrated protamine: a meta-analysis. The netherlands Journal of Medicine. 71(3):123–7.

112

Wang T, Robinson L, Ou F, Roe M, Ohman E, Gibler W, Smith SC Jr, Peterson ED, Becker
RC. (2008). Discharge antithrombotic strategies among patients with acute coronary
syndrome previously on warfarin anticoagulation: Physician practice in the crusade
registry. American Heart Journal;155:361–8.
Wazni O, Beheiry S, Fahmy T, Barrett C, Hao S, Patel D, Di Biase L, Martin DO, Kanj M,
Arruda M, Cummings J, Schweikert R, Saliba W, Natale A. (2007). Atrial fibrillation
ablation in patients with therapeutic international normalized ratio: Comparison of
strategies of anticoagulation management in the periprocedural period.
Circulation;116:2531–4.
Weightman WM, Gibbs NM, Sheminant MR, Newman MA, Grey DE. (2009). Moderate
exposure to allogeneic blood products is not associated with reduced long-term survival
after surgery for coronary artery disease. Anesthesiology. Aug;111(2):327–33.
Welsby I, Lockhart E, Phillips-Bute B, Campbell ML, Mathew JP, Newman MF, Peterson
E, Milano CA. (2010). Mark Stafford-Smith for members of the Cardiothoracic
Anesthesiology Research Endeavors (C.A.R.E.), Department of Anesthesiology, Duke
University Medical Center. Storage age of transfused platelets and outcomes after
cardiac surgery. Transfusion. 50(11):2311–7.
Welsby I, Newman MF, Phillips-Bute B, Messier RH, Kakkis ED, Stafford-Smith M. (2005).
Hemodynamic changes after protamine administration: association with mortality after
coronary artery bypass surgery. Anesthesiology. 102(2):308–14.
White H, Kleiman N, Mahaffey K, Lokhnygina Y, Pieper K, Chiswell K, Cohen M,
Harrington RA, Chew DP, Petersen JL, Berdan LG, Aylward PE, Nessel CC, Ferguson
JJ 3rd, Califf RM. (2006). Efficacy and safety of enoxaparin compared with
unfractionated heparin in high-risk patients with non-st-segment elevation acute
coronary syndrome undergoing percutaneous coronary intervention in the superior yield
of the new strategy of enoxaparin, revascularization and glycoprotein iib/iiia inhibitors
(synergy) trial. American Heart Journal;152:1042–50.
Whitson BA, Huddleston SJ, Savik K, Shumway SJ. (2007). Bloodless cardiac surgery is
associated with decreased morbidity and mortality. J Card Surg. Sep-Oct;22(5):373–8.
Williamson D, Lesur O, Tétrault J, Nault V, Pilon D. (2013). Thrombocytopenia in the
critically ill: prevalence, incidence, risk factors, and clinical outcomes. Canadian
journal of anaesthesia. 60(7):641–51.
Wolfe R, Bolsin S, Colson M, Stow P. (2007). Monitoring the rate of re-exploration for
excessive bleeding after cardiac surgery in adults. Quality and Safety in Health Care
16:192–196.
Yap C, Andrianopoulos N, Dinh T, Billah B, Rosalion A, Smith J, Shardey G, Skillington
P, Tatoulis J, Mohajeri M, Yii M, Reid C. (2009). Short- and midterm outcomes of
coronary artery bypass surgery performed by surgeons in training. The journal of
thoracic and cardiovascular surgery. 137(5); 1088–92.
Zakeri R, Freemantle N, Barnett V, Lipkin G, Bonser R, Graham T, Rooney S, Wilson I,
Cramb R, Keogh B, Pagano D. (2005). Relation between mild renal dysfunction and
outcomes after coronary artery bypass grafting. Circulation. 112(9 Suppl):I270–5.

113

Zhang, Wu, Peng, Wu, Yue, Martin, Cheng. (2011). Journal of cardiothoracic and vascular
anesthesia. 25(2);288–98.
Zimmermann N, Gams E, Hohlfeld T. (2008). Aspirin in coronary artery bypass surgery:
New aspects of and alternatives for an old antithrombotic agent. European Journal of
Cardiothoracic Surgery 34:93–108.

114

Original publications
I

Mikkola R, Wistbacka JO, Gunn J, Heikkinen J, Lahtinen J, Teittinen K, Kuttila K,
Juvonen T, Airaksinen J, Biancari F. (2012). Timing of preoperative aspirin
discontinuation and outcome after elective coronary artery bypass graft surgery. J
Cardiothorac Vasc Anesth. 26:245–50.
II Airaksinen KE, Biancari F, Karjalainen P, Mikkola R, Kuttila K, Porela P, Laitio T, Lip
GY. (2011). Safety of coronary artery bypass surgery during therapeutic oral
anticoagulation. Thromb Res. 128:435–9.
III Biancari F, Mikkola R, Heikkinen J, Lahtinen J, Kettunen U, Juvonen T. (2012).
Individual surgeon's impact on the risk of re-exploration for excessive bleeding after
coronary artery bypass surgery. J Cardiothorac Vasc Anesth. 26:550–6.
IV Biancari F, Mikkola R, Heikkinen J, Lahtinen J, Airaksinen KE, Juvonen T. (2012).
Estimating the risk of complications related to re-exploration for bleeding after adult
cardiac surgery: a systematic review and meta-analysis. Eur J Cardiothorac Surg.
41:50–5.
V Mikkola R, Gunn J, Heikkinen J, Wistbacka JO, Teittinen K, Kuttila K, Lahtinen J,
Juvonen T, Airaksinen JK, Biancari F. (2012). Use of blood products and risk of stroke
after coronary artery bypass surgery. Blood Transfus. 10:490–501.
VI Mikkola R, Heikkinen J, Lahtinen J, Paone R, Juvonen T, Biancari F. (2013). Does
blood transfusion affect intermediate survival after coronary artery bypass surgery?
Scand J Surg. 102:110–6.

The original publications have been reproduced with the kind permission of the
copyright holders.
Original publications are not included in the electronic version of the dissertation.

115

116

ACTA UNIVERSITATIS OULUENSIS
SERIES D MEDICA

1423. Suhonen, Noora- Maria (2017) Cognitive and behavioral characteristics of
frontotemporal lobar degeneration
1424. Heikkinen, Juuso (2017) Recovery of calf muscle isokinetic strength after acute
Achilles tendon rupture
1425. Mäkinen, Johanna (2017) Lung adenocarcinoma : histopathological features and
their association with patient outcome
1426. Karhu, Toni (2017) Isolation of novel ligands for MAS-related G protein-coupled
receptors X1 and X2, and their effect on mast cell degranulation
1427. Mantere, Tuomo (2017) DNA damage response gene mutations and inherited
susceptibility to breast cancer
1428. Salokorpi, Niina (2017) Treatment of craniosynostoses
1429. Männikkö, Niko (2017) Problematic gaming behavior among adolescents and
young adults : relationship between gaming behavior and health
1430. Kortekangas, Tero (2017) The non-operative treatment of Weber B -type ankle
fractures and the clinical relevance and treatment of syndesmosis injury
1431. Lavander, Päivi (2017) Nimikesuojattujen ja laillistettujen ammattihenkilöiden
työnjako yliopistosairaalan muuttuvassa toimintaympäristössä
1432. Vihanninjoki, Kyösti (2017) The Heidelberg Retina Tomograph in the diagnosis of
glaucoma
1433. Männistö, Jaana (2017) The effects of termination of pregnancy on future
reproduction
1434. Hulkko, Anja (2017) The association of lifetime antipsychotic and other
psychiatric medications with cognition in schizophrenia : the Northern Finland
Birth Cohort 1966 Study
1435. Ramsay, Hugh (2017) Predictors of psychosis risk and neurocognitive deficits
1436. Kuitunen, Hanne (2017) DLBCL, primary and secondary central nervous system
involvement, treatment and prophylaxis
1437. Filatova, Svetlana (2017) Incidence of schizophrenia and associations of
schizophrenia and schizotypy with early motor developmental milestones
1438. Käräjämäki, Aki (2017) Non-alcoholic fatty liver disease (NAFLD) – perspectives
to etiology, complications and lipid metabolism

Book orders:
Granum: Virtual book store
http://granum.uta.fi/granum/

D 1439

OULU 2017

UNIVERSITY OF OUL U P.O. Box 8000 FI-90014 UNIVERSITY OF OULU FINLA ND

U N I V E R S I TAT I S

O U L U E N S I S

ACTA

A C TA

D 1439

ACTA

U N I V E R S I T AT I S O U L U E N S I S

Reija Mikkola

University Lecturer Santeri Palviainen

Postdoctoral research fellow Sanna Taskila

Professor Olli Vuolteenaho

Reija Mikkola

University Lecturer Tuomo Glumoff

DETERMINANTS AND
CLINICAL IMPLICATIONS
OF BLEEDING RELATED
TO CORONARY ARTERY
BYPASS SURGERY

University Lecturer Veli-Matti Ulvinen

Planning Director Pertti Tikkanen

Professor Jari Juga

University Lecturer Anu Soikkeli

Professor Olli Vuolteenaho

Publications Editor Kirsti Nurkkala
ISBN 978-952-62-1738-3 (Paperback)
ISBN 978-952-62-1739-0 (PDF)
ISSN 0355-3221 (Print)
ISSN 1796-2234 (Online)

UNIVERSITY OF OULU GRADUATE SCHOOL;
UNIVERSITY OF OULU,
FACULTY OF MEDICINE;
MEDICAL RESEARCH CENTER OULU;
OULU UNIVERSITY HOSPITAL

D

MEDICA

