Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]

Contents lists available at ScienceDirect

journal homepage: www.jcvaonline.com

2017 EACTS/EACTA Guidelines on patient blood
management for adult cardiac surgery
The Task Force on Patient Blood Management for Adult Cardiac Surgery
of the European Association for Cardio-Thoracic Surgery (EACTS) and the
European Association of Cardiothoracic Anaesthesiology (EACTA)
Christa Boer (EACTA Chairperson)n,1,2 Michael I. Meesters1,2, Milan Milojevic1,
Umberto Benedetto1, Daniel Bolliger1,2, Christian von Heymann1,2, Anders Jeppsson1,
Andreas Koster1,2, Ruben L. Osnabrugge1, Marco Ranucci1,2, Hanne Berg Ravn1,2,
Alexander B.A. Vonk1, Alexander Wahba1, Domenico Pagano (EACTS Chairperson)n,1
Key Words: Guidelines; Cardiac surgery; Haemostasis; Blood transfusion; Bleeding; Anticoagulation; Coagulation factors

Document Reviewers: Moritz W.V. Wyler von Ballmoos
(USA), Mate Petricevic (Croatia), Arie Pieter Kappetein
(Netherlands), Miguel Sousa-Uva (Portugal), Georg Trummer
(Germany), Peter M. Rosseel (Netherlands)2, Michael
Sander (Germany)2, Pascal Colson (France)2, Adrian Bauer
(Germany)3

Table of Contents
Abbreviations and Acronyms . . .
1. Preamble . . . . . . . . . . . .
2. Introduction . . . . . . . . . .
3. Methods . . . . . . . . . . . .
4. Preoperative Management.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

2
3
3
3
4
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condition and, where appropriate and/or necessary, in consultation with that patient and the patient’s care provider. Nor do the EACTS/EACTA Guidelines exempt
health professionals from giving full and careful consideration to the relevant ofﬁcial, updated recommendations or guidelines issued by the competent public
health authorities, in order to manage each patient’s case in light of the scientiﬁcally accepted data pursuant to their respective ethical and professional obligations.
It is also the health professional’s responsibility to verify the applicable rules and regulations relating to drugs and medical devices at the time of prescription.
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aPTT
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CABG
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DDAVP
DOAC
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EACTA

Acute coronary syndrome
Activated clotting time
Acute kidney injury
Acute normovolaemic haemodilution
Activated partial thromboplastin time
Acetylsalicylic acid
Antithrombin
Coronary artery bypass grafting
Conﬁdence interval
Chronic kidney disease
Cardiopulmonary bypass
Dual antiplatelet therapy
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Direct oral anticoagulant
e-Aminocaproic acid
European Association of Cardiothoracic
Anaesthesiology
EACTS
European Association for Cardio-Thoracic
Surgery
ECC
Extracorporeal circulation
ECLS
Extracorporeal life support
ECMO
Extracorporeal membrane oxygenation
EPO
Erythropoietin
FFP
Fresh-frozen plasma
FXIII
Factor XIII
GPIIb/IIIa Glycoprotein
Hb
Haemoglobin
HES
Hydroxyethyl starches
HIT
Heparin-induced thrombocytopenia
HR
Hazard ratio
INR
International normalized ratio
LMWH
Low-molecular-weight heparin
MI
Myocardial infarction
MiECC
Minimally invasive extracorporeal circulation
circuit
OR
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PBM
Patient blood management
PCC
Prothrombin complex concentrate
PLTC
Platelet concentrate
PMEA
Poly2-methoxyethylacrylate
POC
Point-of-care
PRBC
Packed red blood cells
RAP
Retrograde autologous priming
RCT
Randomized controlled trial
rFVIIa
Recombinant activated factor seven
RR
Risk ratio
SD
Solvent–detergent
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TEG
TEM
TRALI
TRIM
TXA
UFH
VKA

Thromboelastography
Thromboelastometry
Transfusion-related acute lung injury
Transfusion-related immune modulation
Tranexamic acid
Unfractionated heparin
Vitamin K antagonist

1. Preamble
Cardiac surgery is associated with perioperative blood loss
and a high risk of allogeneic blood transfusion. Patient blood
management (PBM) in cardiac surgery contributes to the
maintenance of perioperative haemostasis and the minimization of bleeding, which reduce blood transfusion requirements.
PBM in cardiac surgery comprises an interaction between the
cardiothoracic surgeon, the anaesthesiologist and the clinical
perfusionist. The impact of cardiopulmonary bypass distinguishes this discipline from other surgical specialities.
In a joint effort, the European Association for Cardio-Thoracic
Surgery (EACTS) and the European Association of Cardiothoracic Anaesthesiology (EACTA) provide evidence-based recommendations for PBM in adult-acquired cardiac surgery. Literature
searches were based on the Population, Intervention, Comparison,
Outcome and Time (PICOT) method using standardized Medical
Subject Headings (MeSH) terms from the National Library of
Medicine, PubMed and Embase database lists of search terms.
The PICOT study end points included bleeding, transfusions and
reoperations for bleeding. The guideline was reviewed by an
external review method and endorsed by the EACTS and the
EACTA in collaboration with the editors of the European
Journal of Cardio-Thoracic Surgery and the Journal of Cardiothoracic and Vascular Anesthesia.
This guideline provides practical recommendations for all
clinicians working in the ﬁeld of PBM in cardiac surgery,
with emphasis on preoperative patient optimization and risk
reduction, intraoperative maintenance of haemostasis and
postoperative treatment for bleeding complications.

3

Even the transfusion of 1 or 2 units of packed red blood cells
(PRBCs) has been associated with a dramatic increase in morbidity,
mortality and costs in patients undergoing coronary artery bypass
grafting (CABG).3 However, it remains unclear whether these
complications are independent predictors of outcome or more
surrogate markers of surgical complexity and complications. In
contrast, re-exploration for bleeding and tamponade appears to be a
strong risk factor for an increase in immediate postoperative
mortality and morbidity. There is, however, no general consensus
on when exploration for postoperative bleeding is indicated, and
surgical practice varies considerably in this regard.4 The ﬁrst step
towards creating algorithms to decrease blood loss and transfusions
is to identify patients at high risk of bleeding, transfusion
requirements and reoperation for bleeding. Also, there is little
consensus on what constitutes a massive blood transfusion and
what thresholds might be associated with adverse outcomes.5,6
Several factors have been found to be associated with an
increased risk of bleeding, transfusion and reoperation,7–9
including advanced age, preoperative dual antiplatelet therapy
(DAPT) use, poor platelet function, preoperative anaemia,
small body surface area, the female gender, non-elective
surgery, nonisolated surgery, non-CABG surgery and redo
surgery. In an attempt to facilitate the preoperative prediction
of the need for transfusion, several scoring methods have been
developed.7,10–15 However, most of these risk models are of
uncertain relevance, because they have not been externally
validated. Risk prediction algorithms are, therefore, mostly used
to stratify outcomes and allow risk-adjusted benchmarking in
the context of quality and outcome monitoring.
PBM in cardiac surgery comprises an interaction between
the surgeon, the anaesthesiologist and the clinical perfusionist,
and the use of CPB distinguishes this discipline from other
surgical specialities. Despite the availability of recent guidelines on PBM,9,16,17 there are currently no PBM guidelines
available that speciﬁcally address the unique context of cardiac
surgery and that are endorsed by the European societies. In a
joint effort, the European Association for Cardio-Thoracic
Surgery (EACTS) and the European Association of Cardiothoracic Anaesthesiology (EACTA) collaborated on a common
guideline with evidence-based recommendations for PBM in
adult-acquired cardiac surgery conditions.

2. Introduction
Cardiac surgery is known to be associated with a high risk
of perioperative blood loss and allogeneic blood transfusions
due to the invasiveness of the procedures, the need for highdose anticoagulation and the exposure to cardiopulmonary
bypass (CPB). Both high blood product transfusion requirements and reoperation for bleeding have been associated with
adverse clinical outcomes.1,2 The implementation of a multidisciplinary patient blood management (PBM) programme, the
goal of which is meticulous surgical and perioperative
haemostasis and minimization of blood loss, may, therefore,
contribute to a reduction in transfusion requirements, a
decrease in health care costs and an improvement in patient
outcomes.
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

3. Methods
As an expression of their declared and consolidated interest
in medical care and scientiﬁc research in the ﬁeld of PBM in
cardiac surgery, the EACTS Council and the Board of
Directors of EACTA selected a task force of experts, including
a clinical methodologist. After the scope of the clinical
guideline had been agreed upon by the task force members,
a preliminary review of previous guidelines was performed.
The scope and table of contents were established by co-chairs,
and topics were allocated to the writing group. A systematic
review of the published evidence in the ﬁeld of blood
conservation during adult-acquired cardiac surgery was
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performed based on the Population, Intervention, Comparison,
Outcome and Time (PICOT) questions. Task force members
undertook an evidence review; they were assisted by 2 research
fellows with an MD/PhD in anaesthesiology and an MSc in
clinical epidemiology, respectively. After study selection and
quality assessment, tables of recommendations were drafted
based on the synthesis of the best medical evidence. The
experts conducted a review of the available evidence and
followed the Methodology Manual for EACTS clinical guidelines.18 All chapters were written through a collaboration
between an EACTS member and an EACTA member. Agreement was reached through conference calls and face-to-face
meetings, without excluding members with a conﬂict of
interest. When no agreement could be obtained, a consensus
was reached following a modiﬁed Delphi process.19 Task force
members who were unable to attend a face-to-face meeting
voted by email. Three Delphi rounds were required to reach a
consensus, and a ﬁnal decision was made through a series of
teleconference calls. Chapters were written by task force
members who did not have a disclosure for the speciﬁc topic.
The literature was restricted to the years 2001–2017 to focus
on contemporary evidence. The guideline only focused on
adult-acquired cardiac surgery and did not include studies in
the areas of transplantation, trauma, circulatory arrest or longterm circulatory support. Outcomes were deﬁned as bleeding
volume or chest drain output in the ﬁrst 24 h following surgery,
transfusion requirements and reoperation for bleeding at any
time point during hospitalization. The deﬁnitions of bleeding,
time frames of measurement and thresholds for transfusions
varied signiﬁcantly between studies. Wherever a distinction in
time frame beyond 24 h was made, it is emphasized in the text.
The medical evidence was critically appraised for quality,
including internal validity, external validity for the population of
interest and publication bias. Randomized controlled trials
(RCTs) and meta-analyses of RCTs were considered as the
highest level of evidence, followed by other study designs. When
a meta-analysis was the basis for a recommendation, the quality
was assessed by a group of specialists from the EACTS/EACTA.
In the absence of published evidence, expert consensus statements were made to cover speciﬁc issues that are essential to
daily practice. The level of evidence and the strength of the
recommendations were weighed and graded according to predeﬁned scales, as outlined in Table 1 and 2.

Table 2
Levels of evidence
Level of evidence A
Level of evidence B
Level of evidence C

Data derived from multiple randomized clinical
trials or meta-analyses.
Data derived from a single randomized clinical
trial or large non-randomized studies.
The consensus of expert opinion and/or small
studies, retrospective studies, registries.

Levels of evidence based on the Methodology Manual for European Association for Cardio-Thoracic Surgery clinical guidelines.18

4. Preoperative Management
Inadequate patient optimization before surgery increases the
risk of intraoperative anaemia and bleeding. Preoperative
measures include management of antithrombotic medication,
optimization of haemoglobin (Hb) levels in the context of
patient comorbidities and body surface dimensions and the
assessment and weighing of patient haemostatic risk factors,
including the presence of congenital disorders.
4.1. Laboratory and Point-of-Care Tests to Predict
Perioperative Bleeding

Classa Levelb Refc

Recommendations
Preoperative ﬁbrinogen levels may be
considered to identify patients at high
risk of bleeding.
Routine use of viscoelastic and platelet
function testing is not recommended to
predict bleeding in patients without
antithrombotic treatment.
Platelet function testing may be
considered to guide the decision on the
timing of cardiac surgery in patients
who have recently received P2Y12
inhibitors or who have ongoing DAPT.

IIb

C

III

C

IIb

B

20–22

a

Class of recommendation.
Level of evidence.
c
References.
DAPT: dual antiplatelet therapy.
b

Table 1
Classes of recommendations
Classes of recommendations
Class I
Class II
Class IIa
Class IIb
Class III

Deﬁnition

Suggested wording to use

Evidence and/or general agreement that a given treatment or procedure is beneﬁcial, useful and
effective.
Conﬂicting evidence and/or a divergence of opinion about the usefulness/efﬁcacy of the given
treatment or procedure.
Weight of evidence/opinion is in favour of usefulness/efﬁcacy.
Usefulness/efﬁcacy is less well established by evidence/opinion.
Evidence/general agreement that the given treatment/procedure is not useful/effective and may
sometimes be harmful.

Is recommended/is indicated

Should be considered
May be considered
Is not recommended

Classes of recommendations based on the Methodology Manual for European Association for Cardio-Thoracic Surgery clinical guidelines.18

Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026
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Background
Preoperative assessment of haemostatic parameters by
standard laboratory testing, viscoelastic testing and/or platelet
function tests has been proposed to predict perioperative
bleeding in cardiac surgery.
Description of the Evidence
Standard Laboratory Testing. The use of routine preoperative
screening has been much debated regarding its ability to identify
high-risk patients for postoperative bleeding and transfusion
requirements. There is no association between preoperative
prothrombin time or the activated partial thromboplastin time
(aPTT) and perioperative blood loss or transfusion requirements.23–25 So far, the most commonly identiﬁed risk factor for
postoperative bleeding is a lowﬁbrinogen level.23,26–28 However,
despite its association with bleeding, the positive predictive value
of a low-ﬁbrinogen level remains poor (positive predictive value
o20%).26 A low-platelet count o100 x 10-9/l has been
associated with increased risk of transfusion,12 and patients with
the highest postoperative blood loss volumes show the lowest
platelet counts.24 Finally, it has been shown that patients with the
highest postoperative blood loss volumes show the lowest
thrombin generation rates,24,29 but this test is mainly used for
research purposes and is not routinely used in everyday practice.
Preoperative ﬁbrinogen levels and thrombin generation assays
may be considered to identify patients at high risk of bleeding, e.g.
during aortic or emergency surgery, although thrombin generation
assays are not yet validated for routine clinical application.
Viscoelastic Testing and Platelet Function Tests. Preoperative assessment of haemostatic parameters using viscoelastic tests,
such as rotational thromboelastometry (TEM) or thromboelastography (TEG), has been found to have a limited association with
the risk of postoperative bleeding.29–31 Preoperative platelet
function testing has not been demonstrated to be associated with
an increased risk of bleeding complications in patients without
ongoing or recently stopped DAPT. In contrast, several studies
have shown a signiﬁcant association between impaired platelet
function and bleeding complications in patients on DAPT. This
ﬁnding indicates that platelet function testing may be used to
guide the timing of surgery in this group of patients.21,22,32,33
4.2. Management of Preoperative Anticoagulant and
Antiplatelet Drugs

It is recommended that ASA be
re(started) as soon as there is no
concern over bleeding (within
24 h) after isolated CABG.
In patients taking DAPT who need
to have non-emergent cardiac
surgery, postponing surgery for at
least 3 days after discontinuation
of ticagrelor, 5 days after
clopidogrel and 7 days after
prasugrel should be considered.
It is recommended that GPIIb/IIIa
inhibitors be discontinued at least
4 h before surgery.
To reduce the risk of bleeding,
preoperative bridging of oral
anticoagulation with UFH/LMWH
is only indicated in patients at
high risk of thrombotic events.e
It is recommended that prophylactic
LMWH be discontinued 12 h
before surgery and fondaparinux
24 h before surgery. A longer
interval may be necessary for
patients with impaired renal
function and/ or therapeutic doses.
It is recommended that OACs be
bridged with UFH.
Bridging OACs with subcutaneous
LMWH should be considered an
alternative to bridging with UFH.
Elective cardiac surgery should be
performed if the INR is o 1.5 in
patients taking VKAs. When
surgery cannot be postponed,
coagulation factors should be used
to reverse the effect.
In patients having elective cardiac
surgery, DOACs should be
stopped at least 48 h before
surgery. A longer interval may be
necessary for patients with
impaired renal function.
a

In patients undergoing CABG, ASA
should be continued throughout
the preoperative period.
In patients at high risk of bleedingd
or refusing blood transfusions and
undergoing non-coronary cardiac
surgery, stopping ASA should be
considered at least 5 days
preoperatively.

Classa Levelb
IIa

C

IIa

C

Refc

Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

I

B

34,35

IIa

B

36–38

I

C

I

B

39

I

B

40–42

I

B

43,44

IIa

B

45,46

IIa

C

IIa

C

Class of recommendation.
Level of evidence.
c
References.
d
Complex and redo operation, severe renal insufﬁciency, haematological
diseases and hereditary deﬁciencies in platelet function.
e
Mechanical prosthetic heart valve, atrial ﬁbrillation with rheumatic valvular
disease, an acute thrombotic event within the previous 4 weeks and atrial
ﬁbrillation with a CHA2DS2-VASc score 44.
ASA: acetylsalicylic acid; CABG: coronary artery bypass grafting; CHA2DS2VASc: congestive heart failure, hypertension, age Z75 (2 points), diabetes,
prior stroke (2 points) – vascular disease, age 65–74, sex category (female);
DAPT: dual antiplatelet therapy; DOAC: direct oral anticoagulant; GP:
glycoprotein; INR: international normalized ratio; LMWH: low-molecularweight heparin; OAC: oral anticoagulants; UFH: unfractionated heparin; VKA:
vitamin K antagonist.
b

Recommendations

5
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4.2.1. Acetylsalicylic Acid
Background. Acetylsalicylic acid (ASA) is one of the
cornerstones for the treatment of acute and chronic cardiovascular disease. Primary and secondary prevention with ASA has
been shown to reduce mortality, myocardial infarction (MI)
and stroke47 but to increase the risk of bleeding complications.
Virtually, all patients requiring CABG—independent of
whether they require emergent, urgent or elective surgery—
are treated with ASA. Figure 1 provides an overview of the
management of antiplatelet therapy in patients undergoing
CABG surgery.
Description of the Evidence
Discontinuation before Surgery. A recent meta-analysis
comparing preoperative ASA administration with distinct
dosing regimens versus no treatment or placebo in patients
having CABG included 13 RCTs (n ¼ 2399 patients).48 The
meta-analysis showed that ASA reduced the risk of perioperative MI [odds ratio (OR) 0.56, 95% conﬁdence interval (CI)
0.33–0.96] but not the risk of death (OR 1.16, 95% CI 0.42–
3.22). Twelve-hour blood loss, PRBC transfusions and surgical re-exploration increased with ASA. The meta-analysis was
limited by substantial heterogeneity but conﬁrmed ﬁndings
from a previous meta-analysis.49 A large RCT compared the
administration of ASA (100 mg) on the day of surgery versus
placebo in patients having CABG.50 The study showed no
effect of treatment with ASA on 24-h bleeding (mean blood
loss: 780 vs 740 ml; P ¼ 0.30) or on the incidence of death or
thrombotic complications (19.3% vs 20.4%; P ¼ 0.55).
Because patients were only eligible for inclusion if they were
not using ASA or stopped ASA 44 days before surgery,
these ﬁndings are difﬁcult to generalize to other settings.50
Another RCT demonstrated that preoperative administration of
ASA (300 mg) was associated with signiﬁcantly more patients
having post-surgical drainage losses 41000 ml (OR 1.60,

95% CI 1.17–2.18) but with a lower rate of major cardiovascular events at the 53-month follow-up compared with placebo
[hazard ratio (HR) 0.65, 95% CI 0.41–1.03].51 In a small RCT
in patients with a platelet glycoprotein (GP) IIIa polymorphism, treatment with ASA (300 mg) increased the risk of
postoperative bleeding ( þ25%).52
If one considers all of the results from the different studies,
continuation of ASA is associated with more blood loss but
also reduces ischaemic events in patients having CABG. In
patients who refuse blood transfusions, who are undergoing
non-CABG surgery or who are at a high risk of re-exploration
for bleeding (e.g. in cases of complex and redo operations,
severe renal insufﬁciency, haematological disease and hereditary platelet function deﬁciencies), ASA should be stopped at
least 5 days before surgery. In other patients, the prevention of
thrombotic events outweighs the risk of postoperative bleeding
events. Moreover, recent data suggest that the inhibiting effect
of ASA on platelet aggregation is reversible by platelet
transfusion,53,54 which also argues for the continuation of
ASA.
Because current evidence supports the idea that ASA should
be continued before surgery, the question of restarting applies
only to a minority of patients. In a large prospective observational trial,34 patients who restarted ASA within 48 h of
CABG had a mortality rate of 1.3% compared to 4.0% in the
group of patients who did not receive ASA during this period
(P o 0.001).
In conclusion, there is sufﬁcient evidence to recommend
continuation of ASA before cardiac surgery, and, if discontinued, it should be given to all patients having CABG as soon
as there is no concern over bleeding to prevent thromboembolic complications.
4.2.2. Dual Antiplatelet Therapy
Background. DAPT with ASA and a P2Y12-receptor
antagonist (clopidogrel, ticagrelor and prasugrel) reduces the

Figure 1. Management of antiplatelet therapy in patients having coronary artery bypass grafting surgery. aComplex and redo operations, severe renal insufﬁciency,
haematological diseases and hereditary deﬁciencies in platelet function. bRecent stent implantation, recent thromboembolic event and alarming angiographic results.
c
Until the recommended DAPT period is completed. ASA: acetylsalicylic acid; DAPT: dual antiplatelet therapy; GPIIb/IIIa: glycoprotein IIb/IIIa.
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risk of thrombotic complications in patients with acute
coronary syndrome (ACS) compared with ASA treatment
only.55–57 The risk of thrombotic complications is further
reduced if a second-generation P2Y12 antagonist (ticagrelor/
prasugrel) is used instead of clopidogrel,56,57 but the risk of
both spontaneous and surgical bleeding complications
increases with the newer antagonists.56–58 The duration of
DAPT treatment varies depending on the indication (recent
ACS and/or stent implantation, coronary endarterectomy or
off-pump surgery), bleeding risks and concomitant medications.59 Recently, cangrelor, a new reversible intravenous
P2Y12 inhibitor with an ultrashort half-life to offset the effect
after discontinuation, was introduced.60
Description of the Evidence
Discontinuation of P2Y12 Inhibitors Before Surgery. Continuation of DAPT until surgery increases the risk of postoperative bleeding, transfusions and re-exploration for
bleeding, as shown in RCTs,36,61,62 observational studies37,63
and meta-analyses.64,65 It is therefore recommended that
P2Y12 inhibitors be discontinued before elective surgery
whenever feasible.66,67 Of note is the fact that, if P2Y12receptor inhibitors are discontinued, ASA therapy should be
continued until surgery. Alternatively, elective non-cardiac
and cardiac procedures may be postponed until the DAPT
treatment period is completed. In urgent cases, the risk of
thromboembolic episodes must be weighed against the risk of
perioperative bleeding complications. In extremely high-risk
patients (e.g. patients with recent stent implantation),
bridging therapy with cangrelor or a GPIIb/IIIa blocker
may be considered.66,67
The safe discontinuation interval differs among distinct
P2Y12 inhibitors due to variations in the platelet inhibitory
effect and pharmacodynamic and pharmacokinetic properties.67 In the CABG substudy of the Clopidogrel in Unstable
Angina to Prevent Recurrent Events (CURE) trial, 4 5 days’
discontinuation of clopidogrel before surgery did not increase
the risk of bleeding [risk ratio (RR) 0.83, 95% CI 0.46–
1.48].61 For prasugrel, a time interval of 7 days is recommended due to the longer offset time compared with clopidogrel68 and the high incidence of bleeding complications
reported in the CABG substudy of the Trial to Assess
Improvement in Therapeutic Outcomes by Optimizing Platelet
Inhibition with Prasugrel–Thrombolysis in Myocardial Infarction (TRITON-TIMI) 38 trial.36 Although it was previously
recommended that ticagrelor be discontinued at least 5 days
before surgery,69 a large observational study in CABG patients
showed that discontinuation of ticagrelor for 3 or 4 days before
surgery did not relate to a higher incidence of bleeding
complications (OR 0.93, 95% CI 0.53–1.64)37; this observation is also supported by others.38,63 Current guidelines
recommend restarting DAPT in all patients with ACS,
independent of the revascularization strategy.66,67
Because of the individual variation in the magnitude and
duration of the antiplatelet effect,21,69,70 the use of platelet
function tests may help to optimize the timing of surgery or
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026
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establish the grade of platelet inhibition in patients in whom
the time since discontinuation is unclear. The guidance is that
the interruption of therapy may be preferred over an arbitrary,
speciﬁed period.66,67 The platelet inhibitory response assessed
by platelet function testing to clopidogrel,22,32,33,71 prasugrel22,32,33,71 and ticagrelor21 is associated with CABG-related
bleeding. A strategy based on preoperative platelet function
testing to determine the timing of CABG in clopidogreltreated patients led to 50% shorter waiting times for surgical
treatment compared to those for a discontinuation time-based
strategy.20 It should, however, be pointed out that no RCT or
observational study has investigated the incidence of perioperative bleeding complications in relation to the time since
discontinuation-based or platelet function test-based surgery
and that deﬁned cut-off levels for acceptable platelet function
are unavailable.
Taken together, in patients taking DAPT who need to
undergo non-emergent cardiac surgery, postponement of
surgery for at least 3 days after discontinuation of ticagrelor,
5 days after clopidogrel and 7 days after prasugrel should be
considered to reduce the risk of postoperative bleeding
(Fig. 1). During discontinuation of P2Y12 inhibitors, ASA
therapy should be continued until surgery. Platelet function
testing may be used to guide the timing of surgery in patients
taking DAPT.
4.2.3. Glycoprotein IIb/IIIa Inhibitors
Background. Glycoprotein IIb/IIIa (GPIIb/IIIa) inhibitors
(eptiﬁbatide, tiroﬁban and abciximab) are today almost exclusively used in conjunction with percutaneous coronary interventions but may also be used for bridging risk patients on oral
P2Y12 inhibitors to surgery.66,67,72
Description of the Evidence. The optimal time for discontinuation of GPIIb/IIIa inhibitors before surgery is mainly based
on pharmacokinetic calculations. Platelet function recovery is
obtained 24–48 h after discontinuation of abciximab and 4–8 h
after discontinuation of eptiﬁbatide and tiroﬁban.73 Cessation
at 4 h before surgery is sufﬁcient for patients treated with
GPIIb/IIIa inhibitors. In a small prospective study, discontinuation of eptiﬁbatide 4 h before CABG resulted in lower
bleeding rates than discontinuation 2 h before the procedure.74
For abciximab, no difference in bleeding was noted in a
pooled analysis of 82 patients in the Evaluation in Percutaneous Transluminal Coronary Angioplasty to Improve LongTerm Outcome with Abciximab GP IIb/IIIa Blockade (EPILOG) and Evaluation of Platelet IIb/IIIa Inhibitor for Stenting
(EPISTENT) trials who underwent acute CABG when abciximab was stopped o6 h before CABG in 61% of the
patients.75 In a small retrospective study, tiroﬁban-treated
patients having CABG showed more bleeding than patients
without tiroﬁban, but no difference was found between
different discontinuation times.76
In conclusion, GPIIb/IIIa inhibitor discontinuation at least
4 h before surgery should be considered to minimize the risk
of post-operative bleeding.
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4.2.4. Low-Molecular-Weight Heparin
Background. Low-molecular-weight heparin (LMWH; enoxaparin and fonda-parinux) mainly inhibits activated FX (FXa),
with plasma concentration peaks 3–4 h after administration. It
is the preferred strategy for prophylactic and therapeutic
anticoagulation in patients after certain surgeries (e.g. orthopaedic surgery) and in patients with malignancies. The half-life
is around 5 h in patients with normal renal function. Monitoring of the anticoagulant effects of LMWH can be achieved by
plasma anti-FXa activity. LMWH-induced bleeding may be
treated with protamine, but this therapy does not completely
reverse the anticoagulant effect of LMWH.

hypertension, age Z 75 (2 points), diabetes, prior stroke
(2 points) – vascular disease, age 65–74, sex category
(female)] score 4 4. In these patients, VKA should be
discontinued 5 days before surgery and bridged by LMWH
(Fig. 2). Bridging with UFH after surgery until the INR
reaches the therapeutic range in patients on VKAs (bridging
with subcutaneous LMWH may be considered an alternative to
bridging with UFH) is recommended. Elective cardiac surgery
should not be performed if the INR is 4 1.5 in patients taking
VKAs. When surgery cannot be postponed, coagulation
factors should be used to reverse the effect.

Description of the Evidence. Cardiac surgery patients receiving enoxaparin versus unfractionated heparin (UFH) more
frequently underwent re-exploration for bleeding (HR 2.6, 95%
CI 1.1–5.9).44 Patients receiving LMWH within 12 h before
surgery showed more blood loss and transfusion requirements
than patients receiving UFH or a dose of LMWH 412 h before
surgery.77 However, other studies could not conﬁrm this
ﬁnding.41 Fondaparinux versus enoxaparin before CABG
surgery resulted in the same rate of bleeding events, but when
it was not discontinued 36 h before surgery, fondaparinux was
associated with higher 12-h postoperative bleeding rates.42 The
half-life of fondaparinux is increased in patients with chronic
kidney disease.
Overall, preoperative bridging of oral anticoagulation with
UFH/LMWH is only indicated in patients at high risk of
thrombotic events. It is further recommended that prophylactic
LMWH be discontinued 12 h and fondaparinux 24 h before
surgery; a longer interval may be necessary for patients with
impaired renal function.
4.2.5. Vitamin K Antagonists
Background. Vitamin K antagonists (VKAs) are commonly
used to prevent and treat thromboembolism in patients with
atrial ﬁbrillation, venous thromboembolic disease and mechanical heart valves (particularly when they are in the mitral or
tricuspid position). The anti-coagulation effect can be monitored by the prothrombin time and is most often expressed as
an international normalized ratio (INR).
Description of the Evidence. VKAs are regularly stopped 3–
5 days before surgery to obtain an INR o1.5. In patients
having urgent or emergency surgery, the effect of VKA can be
completely reversed by administering prothrombin complex
concentrate (PCC). Bridging non-cardiac surgery patients who
are taking VKA with a full therapeutic dose of LMWH after
surgery is associated with increased bleeding but not with a
meaningful reduction in thrombotic events.39 Thus, bridging to
cardiac surgery is only recommended in patients at a very high
risk of thrombotic events, e.g. those with a recent ( o4 weeks)
pulmonary embolism or a prosthetic mechanical valve, atrial
ﬁbrillation with the rheumatic valvular disease or atrial
ﬁbrillation with a CHA2DS2-VASc [congestive heart failure,
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

Figure 2. Management of oral anticoagulation in patients with an indication for
pre- and/or postoperative bridging (reproduced with permission from SousaUva. Stuart J. Head, Milan Milojevic, Jean-Philippe Collet, Giovanni Landoni,
Manuel Castella et al. 2017 EACTS Guidelines on Perioperative Medication in
Adult Cardiac Surgery. Eur J Cardiothorac Surg 2017; http://dx.doi.org/10.
1093/ejcts/ezx314). aBridging with UFH/LMWH should start when INR values
are below speciﬁc therapeutic ranges. bDiscontinuation should be prolonged to
472 h if creatinine clearance is 50–79 ml/min/1.73 m2 or Z96 h if creatinine
clearance is o50 ml/min/1.73 m2. DOACs: direct oral anticoagulants; INR:
international normalized ratio; LMWH: low-molecular-weight heparin; UFH:
unfractionated heparin; VKAs: vitamin K antagonists.
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4.2.6. Direct Oral Anticoagulant
Background. Direct oral anticoagulants (DOACs) include
direct thrombin inhibitors (dabigatran) and FXa inhibitors
(rivaroxaban, apixaban and edoxaban), and novel formulations
are under development. DOACs are increasingly used as an
alternative anticoagulation strategy for VKAs.
Description of the Evidence. Because emergency surgery in
patients under dabigatran treatment has been associated with
severe or even fatal bleeding, it is recommended that DOACs
be discontinued at least 48 h before cardiac surgery.78–80
DOACs may be bridged by heparins in patients with acute
thrombotic events o 4 weeks. The half-life of DOACs may
be prolonged in case of impaired renal function (Table 3).
Whenever feasible in patients with impaired renal function, the concentration of DOAC should be measured in
terms of the diluted thrombin time (dabigatran) or calibrated
with anti-FXa activities (rivaroxaban, apixaban or edoxaban). The use of viscoelastic tests is still debated in the
diagnosis of DOAC-induced prolonged clotting time. Ecarin
clotting times may be used when available for patients
taking dabigatran. For emergency reversal of dabigatran, the
newly released antidote (idarucizumab) can be used in the
pre- and postoperative settings. Treatment of post-operative
FXa-related bleeding includes PCC, activated PCC (FEIBAVR, Shire US Inc., Lexington, MA, USA) and recombinant activated factor VII (rFVIIa), because no speciﬁc
antidote is approved at the moment. These agents have
been found to be effective in some studies (PCC in
volunteer studies, aPCC and rFVIIa mainly in vitro studies)
on FXa inhibitors. Due to the relatively low level of protein
binding, haemodialysis is effective for increasing the
clearance of dabigatran but not for that of FXa-inhibitors
(protein binding 4 85%).
Based on the available evidence, it is recommended that
DOACs be stopped at least 48 h prior to surgery in patients
having elective cardiac surgery; a longer interval may be
necessary for patients with impaired renal function (Fig. 2).

Table 3
Different types of DOACs
Rivaroxaban
Target
Tmax
Half-life
Frequency

Factor Xa
2–4 hours
9–13 hours
Once daily

Renal excretion

66% (half
inactive)
Andexaneta
48 hoursb

Antidote
Discontinuation

Apixaban

Edoxaban

Factor Xa Factor Xa
3 hours
1–3 hours
9–14 hours 5–11 hours
Twice daily Once daily
25%

36–45%

Andexaneta Andexaneta
48 hours
48 hours

Dabigatran
Thrombin
2 hours
14–17 hours
Once or twice
daily
80%
Idarucizumab
48–96 hoursb

EMA: European Medicines Agency; DOACs: direct oral anticoagulants.
a
Not yet approved by EMA.
b
Discontinue 448 h if creatinine clearance is 480 ml/min/1.73 m2;
discontinue 472 h if creatinine clearance is 50–79 ml/min/1.73 m2; and
discontinue 496 h if creatinine clearance is o50 ml/min/1.73 m2.
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026
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4.3. Preoperative Anaemia
Recommendations
Oral or intravenous iron alone prior
to cardiac surgery may be
considered in mildly anaemic
patients (women, Hb 100–120 g/l;
men, Hb 100–130 g/l) or in
severely anaemic patients (both
genders, Hb r 100 g/l) to
improve erythropoiesis.
Erythropoietin with iron
supplementation should be
considered to reduce postoperative
transfusions in patients with noniron deﬁciency (e.g. EPO, vitamin
D or folate acid deﬁciency)
undergoing elective surgery.
Preoperative erythrocyte transfusion
is not routinely recommended in
preoperative anaemic patients to
prevent postoperative AKI.

Classa Levelb
IIb

C

IIa

B

III

C

Refc

81–83

a

Class of recommendation.
Level of evidence.
c
References.
AKI: acute kidney injury; EPO: erythropoietin; Hb: haemoglobin.
b

4.3.1. Implications for Preoperative Anaemia
Background. Anaemia is a frequent comorbid condition in
the elderly patients, and up to 40% of patients present with
mild anaemia (women, Hb 100–120 g/l; men, Hb 100–130 g/l)
or severe anaemia (both genders, Hb r100 g/l) of any cause
prior to cardiac surgery.84 Although anaemia is recognized to
be a predictor of postoperative adverse outcomes, this evidence is mostly based on observational studies.
Description of the Evidence. Preoperative anaemia is associated with a worsening of the clinical outcome after cardiac
surgery in terms of blood transfusion requirements, acute kidney
injury (AKI) and death.85–87 Several retrospective studies
showed a signiﬁcant interaction between preoperative anaemia
and blood transfusions on outcome and a pronounced detrimental effect of blood transfusions for anaemic patients.88,89
The risk for intraoperative transfusion is signiﬁcantly higher in
mildly anaemic (HR 1.44, 95% CI 1.20–1.73) or severely
anaemic patients (HR 1.81, 95% CI 1.34–2.44).88,89
Derived from retrospective studies, preoperative anaemia is,
therefore, considered a risk factor for adverse clinical outcomes and transfusion requirements after cardiac surgery.
4.3.2. Iron Supplementation
Background. Supplementation of oral or intravenous iron is
the treatment of choice for iron deﬁciency anaemia. Preoperative iron supplementation may reduce transfusion requirements
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in patients undergoing cardiac surgery with iron deﬁciency
anaemia.
Description of the Evidence. A recent RCT in non-anaemic
patients, based on a 3-arm parallel group design, compared the
effect of 3 preoperative doses of intravenous iron sucrose
(100 mg) and daily oral iron (125 mg) with placebo until
1 month following discharge. No difference was found
between the transfusion requirements of the various groups.90
The PROphylaxis for ThromboEmbolism in Critical Care Trial
(PROTECT) investigated the perioperative administration of
iron isomaltoside (1000 mg) on postoperative Hb levels and
transfusion requirements in non-anaemic patients having
elective surgery.91 Although there was a lower number of
non-anaemic patients in the iron isomaltoside-treated group
compared with the group receiving a placebo 1 month after
surgery (8.0% vs 38.5%, P ¼ 0.019), transfusion requirements
up to 4 weeks after surgery were not different between groups
(13.3% vs 20.0%, P ¼ 0.52). Apart from the signiﬁcant effect
of iron supplementation on stimulation of erythropoiesis, there
are limited data supporting the association between the
administration of iron and reduced postoperative transfusion
requirements in patients with anaemia undergoing cardiac
surgery. The optimal time to start iron therapy before surgery
is unclear from the current evidence.
4.3.3. Erythropoietin
Background. Preoperative anaemia is associated with
adverse outcomes after cardiac surgery in several retrospective
studies.92,93 Erythropoietin (EPO) with or without iron supplementation may be used to treat preoperative anaemia and to
reduce the risk of postoperative transfusion requirements.
Description of the Evidence. Erythropoietin, with or without
iron, has been used to treat noniron deﬁciency anaemia and to
increase red cell mass in patients who refuse blood transfusions or who are at high risk of postoperative anaemia, such as
patients with renal failure.9,94,95 Administration of EPO
(80 000 IU) and oral iron (40 mg) or iron alone in 600 mildly
or non-anaemic patients reduced the perioperative PRBC
transfusion requirements in patients treated with EPO more
than in controls (17% vs 39%, P o 0.0005), but this difference
was diminished after controlling for baseline Hb levels.81 In
320 patients undergoing off-pump CABG surgery, preoperative high-dose EPO treatment (cumulative dose of 52 000 IU)
starting 2 days prior to and lasting until 2 days after surgery
was compared to the effects of placebo.82 Postoperative
transfusion requirements were lower in the EPO group
compared with the placebo group (0.33 vs 0.76 units per
patient, P ¼ 0.008). A single dose of EPO (500 IU/kg) with
iron sucrose (200 mg) 1 day prior to surgery in primary heart
valve procedures reduced transfusion requirements during
surgery until 4 days postoperatively compared with the control
group (59.5% vs 86.5%, P ¼ 0.009).83 In all studies, the
investigators were blinded to the study treatment (single
blinded).
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In summary, EPO with or without iron supplementation
should be considered in patients with non-iron deﬁciency
undergoing elective surgery to reduce postoperative transfusions. Even an EPO infusion in the days before surgery may
have beneﬁts in terms of transfusion requirements. It should be
noted that, in part, data showing a treatment beneﬁt for EPO
were obtained from non-anaemic treated patients undergoing
cardiac surgery.
4.3.4. Blood Transfusion to Treat Preoperative Anaemia
Background. Preoperative blood transfusions to treat anaemia are frequently used to symptomatically treat low Hb
values. Transfusion prior to cardiac surgery or with initiation
of CPB has been suggested for patients with pre-existing
anaemia.
Description of the Evidence. One small RCT investigated the
effect of preoperative PRBC transfusion in anaemic patients on
intraoperative transfusion requirements and AKI as outcomes.96 Prophylactic transfusion of 2 PRBC units was
associated with a reduced rate of intraoperative transfusion
[0 (0–2) vs 2 (1–4) units, P o 0.001] compared with standard
care but not with a reduced rate of AKI.96 Given the lack of
additional published evidence, an expert consensus was
reached by the guideline committee against the routine use
of transfusions for patients with preoperative anaemia. However, in the case of emergency surgery and life-threatening
anaemia, it is legitimate to use preoperative blood transfusions
to increase Hb levels.
5. Intraoperative Management
Intraoperative preservation of patient haemostasis is a
multidisciplinary and multifactorial challenge. Even though
the surgeon applies meticulous haemostasis and patience with
respect to clot formation, these measures are only effective
when paralleled by interventions that minimize haemodilution,
normothermia, appropriate anticoagulation and haemostatic
monitoring during the procedure.
5.1. Surgical Techniques
Special surgical or perfusion techniques, such as off-pump
CABG, minimally invasive extracorporeal circulation circuits
(MiECC) and minimally invasive cardiac surgery are not
universally implemented. These procedures might only be
safe and efﬁciently performed when integrated into the daily
clinical routine. Therefore, any recommendations regarding the
use of these techniques are addressed to centres with adequate
experience in these procedures. However, especially for
severely anaemic patients, it is highly recommended that the
members of the multidisciplinary team (cardiologists, surgeons, anaesthesiologists and perfusionists) discuss optimal
treatment strategies, including surgical techniques, the limitations of haemodilution and improved CPB systems to avoid
massive transfusions and bleeding.
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Recommendations
It is recommended that the members
of the multidisciplinary teamd
discuss the optimal surgical strategy
based on clinical status,
comorbidities, bleeding risk and
team expertise.
Off-pump CABG surgery may be
considered in selected patientse to
reduce perioperative transfusions.
MiECC systems should be considered
over standard conventional CPB
systems to reduce perioperative
transfusions.
Minimally invasive heart valve
surgery may be considered to reduce
blood loss and the need for
transfusions.
Routine use of topical sealants in
cardiac surgery is not recommended.
Topical sealants may be considered in
clinical situations where
conventional approaches to surgical
and medical improvement of
haemostasis and where bleeding
problems are more local than
generalized.

Classa Levelb

Refc

I

C

IIb

B

97,98

IIa

B

99,100

IIb

B

101–103

III

B

104

IIb

C

a

Class of recommendation.
Level of evidence.
c
References.
d
Surgeons, cardiologists, anaesthesiologists and perfusionists.
e
Dialysis-dependent patients, patients operated on under DAPT and anaemic
patients with low body surface area.
CABG: coronary artery bypass grafting; CPB: cardiopulmonary bypass;
DAPT: dual antiplatelet therapy; MiECC: minimally invasive extracorporeal
circulation circuits.
b

5.1.1. Off-pump Surgery
Background. Several hypothetical mechanisms by which offpump CABG surgery might reduce bleeding and/or the need
for blood product transfusions, including lower dosing of
systemic heparin, the standard use of cell saving and the fact
that haemodilution and blood trauma caused by CPB, are
obviated with this technique.
Description of the Evidence. There are no RCTs comparing
off-pump and on-pump CABG where bleeding, transfusion or
the need for reoperation was the primary end point; the data
are therefore extrapolated. A meta-analysis comprising 102
RCTs compared off-pump with on-pump CABG in 19 101
patients.98 The secondary end points of PRBC transfusion
(OR 0.49, 95% CI 0.33–0.72) and blood product transfusion
(OR 0.66, 95% CI 0.55–0.81) were signiﬁcantly lower in
patients having off-pump than in those having on-pump
CABG surgery, without differences in re-exploration for
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026
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bleeding.98 However, a large variability across studies was
observed, suggesting that such a beneﬁt could not be reproduced in several of the RCTs included. A recent meta-analysis
of RCTs showed similar results97 but was also confounded by
a high grade of heterogeneity for transfusion requirements and
chest tube drainage among RCTs. In the 2 largest RCTs (the
Coronary Artery Bypass Surgery [CABG] Off or On Pump
Revascularization Study [CORONARY]105 and the German
Off-Pump Coronary Artery Bypass Grafting in Elderly
Patients [GOPCABE] trial106), off-pump surgery was associated with lower transfusion rates (50.7% vs 63.3% and
56.3% vs 62.7%, respectively; both P o0.001). However, in
these RCTs, physicians were not blinded to treatment allocation, and the transfusion protocol was not prespeciﬁed. Therefore, the treatment received might have inﬂuenced the decision
to transfuse.
In summary, off-pump surgery may be considered a surgical
technique that is associated with fewer transfusion requirements than on-pump surgery.
5.1.2. Minimally Invasive Extracorporeal Circulation
Background. The common features of MiECC are a small
priming volume (~600–750 ml), a reduced artiﬁcial surface
due to the absence of the venous reservoir, a biocompatible
coated system and a centrifugal pump. Systems are completely
closed to avoid blood–air contact, and they include the
separation of shed blood.107
Description of the Evidence. RCTs comparing MiECC
versus conventional CPB were too underpowered to detect a
signiﬁcant difference in transfusion rates. The available metaanalyses99,100 show a reduced rate of transfusion with MiECC
but include open studies and studies without a predeﬁned
transfusion protocol. The type of circuit used may also have
inﬂuenced the decision to transfuse. These aspects limit the
generalizability of current comparisons. Two recent metaanalyses compared MiECC with conventional CPB procedures.99,100 An analysis of the results of 24 studies (n ¼ 2770)
showed that the use of MiECC was associated with a reduced
risk of PRBC transfusion (OR 0.24, 95% CI 0.16–0.37;
P o0.001) but without a reduction in reoperations for
bleeding.99 In a meta-analysis that assessed 29 studies with
2335 patients, the use of MiECC resulted in a signiﬁcant
reduction in the risk of transfusions (OR 0.35, 95% CI 0.23–
0.53), whereas reoperation rates for persistent bleeding revealed
no difference.100
In summary, the use of MiECC systems, when compared
with conventional CPB systems, is associated with a reduction
in PRBC transfusions. Therefore, in an attempt to reduce
allogeneic blood transfusions, MiECC systems can be considered. However, the use of MiECC systems does not
contribute towards reducing reoperation rates for bleeding.
5.1.3. Minimally Invasive Surgery
Background. Minimally invasive heart valve surgery may
play a role in reducing the need for transfusion and reoperation
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for bleeding, because it requires a smaller incision and less
tissue dissection and retraction to open up the surgical ﬁeld.
Description of the Evidence. The available evidence consists
almost entirely of observational studies and should not be
considered deﬁnitive. The 2010 International Society for
Minimally Invasive Cardiothoracic Surgery consensus statement concluded that the risk of transfusion for PRBCs was
reduced after minimal mitral valve surgery compared with the
conventional approach (difference of -1.9 units; 95% CI -2.5 to
-1.2 units), but reoperation for bleeding was not
different between the groups.102 A systematic review of mitral
valve surgery through a right lateral minithoracotomy versus
sternotomy identiﬁed a total of 45 studies, including
3 RCTs.101 The minimally invasive approach was associated
with a small reduction in bleeding (mean difference -142.1 ml,
95% CI -199.2 to -85.1 ml) and risk for transfusion (RR 0.67,
95% CI 0.51–0.88). However, pooled data from the small
RCTs showed that minimally invasive surgery did not reduce
total blood loss (mean difference -149 ml; 95% CI -491 to 193
ml) or the incidence of transfusion (RR 0.94, 95% CI 0.61–
1.45). In a systematic review on aortic valve replacement
through minimally invasive access versus full sternotomy,103
pooled data from 3 RCTs showed no difference in the rate of
blood product transfusions (RR 0.77, 95% CI 0.58–1.03),
whereas pooled data from observational studies suggested
otherwise. Minimally invasive heart valve surgery is practised
in high volumes in only a limited number of centres.
Until minimally invasive valve surgery becomes more
widely adopted and large RCTs are performed, there is not
enough evidence to suggest broad adaption for the purpose of
blood conservation.
5.1.4. Topical Haemostatics
Background. In addition to systemic haemostatic action,
topical haemostatic agents are locally applied and include
haemostatic sealants and topical antiﬁbrinolytic agents [aprotinin, tranexamic acid (TXA) and E-aminocaproic acid
(EACA)].108,109 Passive haemostatic agents that activate platelets, including collagen, gelatines and regenerated oxidized
cellulose, do not contain biologically active clotting factors.
The last category of topical agents includes synthetic (cyanoacrylates) and semi-synthetic (glutaraldehyde–albumin) sealants,
which have sealing properties through a rapid polymerization
process without having intrinsic haemostatic activity.
Description of the Evidence. A Cochrane systematic
review108 on 18 RCTs comparing ﬁbrin sealant versus no
ﬁbrin sealant concluded that ﬁbrin sealants are efﬁcacious in
reducing both postoperative blood loss (mean difference -161
ml, 95% CI -98.25 to -224.53) and perioperative exposure to
allogeneic PRBC transfusions (RR 0.63, 95% CI 0.45–0.88).
However, this review was limited by the inclusion of only
1 cardiac surgery study and RCTs with small sample sizes. A
meta-analysis109 including 8 RCTs (n ¼ 622 patients) showed
that topical antiﬁbrinolytic agents reduced the amount of 24-h
chest tube blood loss by 220 ml (95% CI -318 to -126) and
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

resulted in a saving of 1 PRBC unit per patient (95% CI -1.54
to -0.53). However, high heterogeneity among RCTs was
found. No adverse effects were reported following topical use
of the medications. A more recent Cochrane systematic
review110 including 7 RCTs (n ¼ 511) supported a protective
role of topical antiﬁbrinolytic agents in cardiac surgery (RR
0.63, 95% CI 0.61–0.66), but the overall quality of the studies
included was low. A recent RCT including off-pump CABG
patients did not ﬁnd any beneﬁt from topical EACA regarding
postoperative bleeding and transfusion.111
Based on the available evidence, the routine use of topical
sealants in cardiac surgery is not recommended and may only
be considered in cases of persistent bleeding where the
bleeding is localized.
5.2. Cardiopulmonary Bypass
Recommendations
Implementation of institutional
measures to reduce haemodilution
by ﬂuid infusion and CPB during
cardiac surgery to reduce the risk
of bleeding and the need for
transfusions is recommended.
The use of a closed extracorporeal
circuit may be considered to
reduce bleeding and transfusions.
The use of a biocompatible coating to
reduce perioperative bleeding and
transfusions may be considered.
The routine use of cell salvage
should be considered to prevent
transfusions.
(Modiﬁed) ultraﬁltration may be
considered as part of a blood
conservation strategy to minimize
haemodilution.
Retrograde and antegrade autologous
priming should be considered as
part of a blood conservation
strategy to reduce transfusions.
Normothermia during CPB
(temperature 4 36o C) and
maintenance of a normal pH
(7.35–7.45) may contribute to a
reduced risk of postoperative
bleeding.
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5.2.1. Closed versus Open Cardiopulmonary Bypass
Background. The contact of blood with ambient air in the
reservoir and in other parts of the circuit in extracorporeal
circulation (ECC) is regarded as one of the several causes of
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coagulation factor activation during CPB.128 Closed systems
minimize the blood/air interface and platelet activation and are
an integral part of MiECC systems but result in more
complicated perfusion that requires active trapping of air
bubbles.129 The use of cardiotomy suction requires a separate
reservoir, and vacuum-assisted venous drainage cannot be
applied to the collapsible reservoir bag.
Description of the Evidence. A large number of studies
combined several components of blood conservation, including closed circuits. Some studies combined the elimination of
cardiotomy suction with the use of a closed system or
investigated the combined effect of surface coating, a closed
system and different pumps.113,130 In an RCT, closed systems
had no advantage over open systems for patient haemostasis.113 In a small, single-centre RCT, a closed system reduced
transfusion requirements compared with an open system (378
7 364 ml vs 717 7 486 ml; P ¼ 0.003).112 Taken together,
the use of a closed ECC may be considered to reduce bleeding
and transfusions, but adequately sized RCTs on closed versus
open systems are lacking.
5.2.2. Biocompatible Coating
Background. Biocompatible coating of tubing and oxygenator mimics the natural endothelial lining of blood vessels and
improves the haemocompatibility and hydrophilicity of the
system, thereby reducing the risk of clot activation. Among
others, biocompatible coatings include ionic or covalent
heparin bonding, poly(2-methoxyethylacrylate) (PMEA) and
phosphorylcholine. The effect of the biocompatible coating of
the ECC on bleeding and transfusion requirements is still
under investigation.
Description of the Evidence. A systematic review and metaanalysis published in 2009 of 36 RCTs issued between 1992
and 2006 showed that the use of any biocompatible coating
reduced the risk of PRBC transfusion (OR 0.8, 95% CI 0.69–
0.93) compared with the use of a non-coated circuit.114 A more
recent systematic review of 14 RCTs concluded that second
and third-generation heparin-coated circuits only showed
superiority on perioperative blood loss to non-coated circuits
in about 50% of the studies included.116 A large RCT showed
that the combination of heparin-coated circuits with low or
conventional dose heparinization was associated with a
reduced 12-h blood loss compared with non-coated circuits
(mean volume 382 vs 431 vs 457 ml; P o0.01,
respectively).131
Other studies showed that the use of phosphorylcholinecoated circuits might contribute to less perioperative blood loss
and fewer transfusion requirements.132–134 In 2 small studies
comparing the effect of PMEA, phosphorylcholine and
heparin-coated circuits,135,136 only 1 study showed that PMEA
coating was associated with fewer platelet transfusions compared with heparin coating.135
Based on the available data, the use of a biocompatible
coating may be considered as part of a PBM programme to
reduce perioperative bleeding and transfusions.
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5.2.3. Cell Salvage
Background. Cell salvage of operative blood loss and
residual blood from the circuit after CPB may contribute to
a reduction in the use of allogeneic blood products, especially
PRBCs. A speciﬁc rationale for cell salvage is its use during
CPB instead of cardiotomy suction, since the retransfusion of
whole blood using cardiotomy suction through the ECC may
contribute to systemic inﬂammation and bleeding.
Description of the Evidence. A Cochrane review showed that
the use of cell salvage reduced the risk of PRBC transfusions
(RR 0.78, 95% CI 0.68–0.91) during cardiac surgical procedures.117,137 In a meta-analysis comparing cell salvage with
cardiotomy suction, it was found that cell salvage reduced the
risk of any blood transfusion (OR 0.63, 95% CI 0.43–0.94)
without increasing adverse effects or bleeding.138 Recent
studies conﬁrmed that the use of cell salvage is efﬁcient in
reducing allogeneic blood exposure.118,119,139
Cardiotomy suction might be associated with thrombin
generation and neutrophil and platelet activation and could
contribute to higher transfusion requirements.9 The amelioration of inﬂammation by the removal of activated plasma
through the washing of shed blood has repeatedly been
demonstrated.140–142 Cell saver processing of cardiotomy
suction blood only has no beneﬁcial effect on blood conservation and increases the use of fresh-frozen plasma (FFP)
transfusions.138,143,144 Extending the use of cell salvage to
the postoperative phase may show additional beneﬁts,143
although others did not conﬁrm this.118 Moreover, large
volumes of cell-salvaged blood may lead to a relative loss of
plasma and may result in impaired coagulation.145 Therefore,
it may be concluded that the balance between a positive effect
of cell salvage on transfusion requirements and a reduction of
negative systemic effects (versus the inherent loss of plasma,
platelets and leucocytes) depends on the quantity of the
salvaged blood.
In the postoperative period, tube drainage and the washing
of blood may be implemented to reduce postoperative blood
transfusions. The British National Institute for Health and
Clinical Excellence conducted an extensive review of the
literature and several meta-analyses for postoperative cell
salvage.146 In cardiac surgery, the absolute risk of being
exposed to allogeneic blood was approximately 15.6% (95%
CI 7.4–21.4%) lower in patients receiving postoperative cell
salvage and 1 unit less of allogeneic blood. Postoperative cell
salvage resulted in lower rates of infection, lower mortality
rates and shorter hospital stays. Unwashed salvaged blood
from postoperative surgical drains contains higher concentrations of inﬂammatory mediators, ﬁbrin split products, interleukins, fat emboli and complement factors and may increase
the risk of inﬂammatory complications.147
In summary, the routine use of cell salvage should be
considered to prevent transfusions, but the retransfusion of
large volumes of cell salvaged blood ( 41000 ml) may impair
coagulation. Overall, postoperative cell salvage and reinfusion
of washed erythrocytes may be considered to reduce transfusions in patients with bleeding.
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5.2.4. Ultraﬁltration
Background. The total volume of blood during CPB can be
controlled using ultraﬁltration. In modiﬁed ultraﬁltration,
excess ﬂuid is discarded from the remaining blood after the
termination of ECC.
Description of the Evidence. Ultraﬁltration and modiﬁed
ultraﬁltration are accompanied by removal of mediators of
inﬂammation, which may also lead to improved haemostasis. In
a meta-analysis, it was shown that ultraﬁltration, and particularly modiﬁed ultraﬁltration, was associated with a reduction in
postoperative blood transfusions (-0.73 units; 95% CI -1.16 to
-0.31).121 In a large RCT, patients subjected to ultraﬁltration
showed lower transfusion requirements compared to patients in
whom ultraﬁltration was not implemented.122
Although most studies hinted at a beneﬁcial effect of
ultraﬁltration on postoperative transfusion requirements, especially in the presence of preoperative anaemia, the evidence is
based on small underpowered studies, with transfusion
requirements as a secondary end point.
5.2.5. Retrograde and Antegrade Autologous Priming
Background. The priming of the ECC with an asanguineous
ﬂuid results in haemodilution and increases the risk of blood
transfusion, particularly in patients with a small body surface
area.148 Antegrade autologous priming and retrograde autologous priming (RAP) are simple, inexpensive, efﬁcient ways
to address the issue of haemodilution.
Description of the Evidence. Most of the available literature on
this topic refers to studies in which several features of minimized
bypass systems were combined. However, some smaller RCTs
focusing on RAP have been performed. The largest meta-analysis
concluded that RAP signiﬁcantly reduced transfusion requirements
(RR 0.53, 95% CI 0.43–0.66; P o0.001).123 Similar ﬁndings
were demonstrated in the meta-analysis of 6 RCTs in which
patients treated with RAP received signiﬁcantly fewer PRBC
transfusions during hospitalization (weighted mean difference -0.60
units, 95% CI -0.90 to -0.31; P ¼ 0.001).124 These ﬁndings were
conﬁrmed in an RCT with 120 patients and a body surface area
o1.5 m2, showing that RAP resulted in a marked reduction of
haemodilution and signiﬁcantly reduced transfusion requirements.148 On the basis of the evidence, RAP and antegrade
autologous priming should be considered as part of a blood
conservation strategy to reduce transfusions.
5.2.6. Coagulation-Friendly Environment
Background. The enzymatic process of coagulation requires
an optimal temperature and acidity level. Both hypothermia
and acidosis may reduce the thrombin-generation capacity,
thereby impairing patient haemostasis. The number of studies
focusing on the association of hypothermia or acidosis with
postoperative bleeding is limited.
Description of the Evidence. Hypothermia in cardiac surgery
is used to enhance myocardial and end-organ preservation,
particularly during CPB. However, hypothermia is also
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associated with coagulopathy. In an RCT of patients who
had CABG surgery, it was shown that hypothermia (34o C)
was not associated with greater 12-h blood loss compared with
normothermic patients (37o C).149 A retrospective analysis of
patients having off-pump CABG surgery showed that transfusion rates were higher in patients exposed to mild hypothermia
(o36oC).127 One retrospective study investigated the association between acidosis, post-surgery acidosis and postoperative
bleeding,126 showing that even a moderate degree of acidosis
(pH o 7.35) and hyperlactataemia (lactate 44.0 mmol/l) was
associated with a signiﬁcantly higher volume of postoperative
chest drainage compared with no acidosis/hyperlactataemia 12
h after surgery (mean blood loss 576 vs 406 ml; P ¼ 0.001).
Despite the lack of large, prospective studies on temperature
management and the maintenance of pH during cardiac
surgery, there is general agreement that the coagulation system
requires normal physiological circumstances, including normothermia and a pH nearly 7.4.
5.3. Intraoperative Anticoagulation
Recommendations
Heparin level-guided heparin
management should be considered
over ACT-guided heparin
management to reduce bleeding.
Heparin level-guided protamine
dosing may be considered to reduce
bleeding and transfusions.
Protamine should be administered in a
protamine-to-heparin dosing ratiod
o1:1 to reduce bleeding.
AT supplementation is indicated in
patients with AT deﬁciency to
improve heparin sensitivity.
AT supplementation is not recommended to reduce bleeding
following CPB.
In patients with HIT antibodies for
whom surgery cannot be postponed,
anticoagulation with bivalirudin
should be considered when the
bleeding risk is acceptable. The use
of heparin in the pre- and
postoperative periods should be
avoided.
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Protamine-to-heparin dosing ratio based on the initial heparin dose.
ACT: activated clotting time; AT: antithrombin; CPB: cardiopulmonary
bypass; HIT: heparin-induced thrombocytopenia.
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5.3.1. Heparin and Anticoagulation Monitoring
Background. UFH binds to antithrombin (AT), which then
potentiates the inactivation of thrombin and FXa by AT up to a
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1000-fold. The sensitivity to heparin is determined by patientspeciﬁc characteristics157 and is assessed by the whole-blood
activated clotting time (ACT) test. Target ACT values range
from 300 to 600 s depending on the methods used to measure
the ACT or due to different heparin dosing strategies. Moreover, the variation in the efﬁcacy of different heparins may
need individual anticoagulation strategies.
UFH is usually dosed based on patient body weight (300–
600 U/kg), followed by additional doses in the case of a
periprocedural decrease in the ACT. Heparin resistance and
postoperative heparin rebound are major limitations of this
strategy. Heparin resistance may lead to insufﬁcient anticoagulation during the procedure, whereas heparin rebound
may contribute to post-surgical bleeding.

that protamine infusion (25 mg/h for 6 h) to neutralize residual
heparin resulted in reduced 12-h blood loss compared with the
control subjects (525 7 322 vs 608 7 385 ml, respectively;
P o0.05) but without affecting transfusion rates.164 The study
was, however, limited by the possibility of administering
additional protamine to normalize ACT values to preheparin
values, which occurred more frequently in the control group and
might have enhanced postoperative bleeding.164
In summary, a statement regarding optimal heparin anticoagulation management is limited by the lack of prospective
and comparative studies. Heparin level-guided heparin management should, however, be considered over ACT-guided
heparin management to reduce bleeding, especially in patients
who are resistant to heparin.

Description of the Evidence
Individualized Heparin Management. Individualized
heparin management or titration based on a dose–response
test is based on the use of the HMS/HepCon (Medtronic,
Minneapolis, MN, USA), Hemochron RxDx (Accriva Diagnostics, San Diego, CA, USA) or anti-Xa measurements in
addition to the ACT. The number of RCTs that focus on the
advantages of heparin dose–response implementation is, however, limited. In most studies, the use of a heparin titration
device resulted in an increased heparin dose and a decrease in
the protamine dose. In most studies, this situation is associated
with decreased blood loss and transfusion requirements as well
as with higher platelet counts at the end of the operation.150,151,153,158–160 In contrast, others did not show favourable results for blood loss and transfusion requirements when
heparin titration was compared with an ACT-based protocol.152,161–163 Due to the lack of perioperative bleeding and
transfusion rates as primary end points in these studies, larger
multicentre RCTs are required to determine the added value of
individual heparin management. Alternative methods of
heparin management and anticoagulation monitoring during
ECC consist of the determination of anti-factor Xa activity.
The determination of thrombin levels could be promising, but
it is not useful with high concentrations of heparin and is
currently not available as a bedside clinical test.

5.3.2. Protamine
Background. The heparin–protamine complex leads to the
dissociation of heparin from AT and restoration of the procoagulant properties of blood. Inadequate protamine dosing may,
however, inﬂuence patient haemostasis and the risk of postoperative bleeding. The dose of protamine is usually based on
the initial or total administered dose of heparin throughout the
procedure. Protamine administration may be associated with
immunological and inﬂammatory alterations and may induce
hypotension, bradycardia, pulmonary vasoconstriction and allergies, which can, in most cases, be prevented by slow infusion
rates, prophylactic use of ASA or an antihistaminic drug.

Heparinization Algorithms. There is increasing interest in the
application of heparinization algorithms to tailored heparin and
protamine management in cardiac surgery. Application of
these algorithms might contribute to improved anticoagulation
strategies and PBM, especially in heparin-resistant patients,
but RCTs evaluating the effectiveness of these models are
currently lacking.
Measures to Prevent Heparin Rebound. Heparin rebound is
the result of residual heparin blood concentrations in the
postoperative phase. Although most of the literature on this
topic originates from the 1980s to the 1990s, the recent
literature can be divided into studies focusing on the presence
of residual heparin in the blood following weaning from CPB or
on the occurrence of postoperative bleeding associated with
residual heparin. There is only 1 comparative study that showed
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

Description of the Evidence. In a small RCT, protamine
dosing based on the initial heparin dose resulted in prolonged
clotting times and microvascular bleeding compared with
protamine dosing based on the measured heparin concentration
following CPB.165 In a second RCT, a protamine-to-heparin
dosing ratio of 1.3 over the total heparin dose was associated
with signiﬁcantly more postoperative bleeding (615 ml, 95% CI
500–830 vs 470 ml, 95% CI 420–530; P ¼ 0.02) compared
with a dosing ratio of 0.8, whereas post-protamine ACT levels
were comparable among the groups.154 None of the patients
showed signs of heparin rebound. A recent RCT in patients
having CABG showed that a protamine-to-heparin dosing ratio
o0.6 was associated with signiﬁcantly more blood loss within
12 h after surgery [420 ml (interquartile range 337–605 ml) vs
345 ml (interquartile range 230– 482 ml); P ¼ 0.0041], but no
difference in PRBC transfusion was noted (2.3 units vs 2.7 units;
P ¼ 0.83) compared to patients subjected to a ratio 40.8.152
Ideally, protamine should be administered in a dose that
matches actual heparin levels after the termination of ECC. It
is advised not to exceed a protamine dose in a 1:1 ratio to the
initial heparin bolus, because protamine overdosing might be
associated with perioperative bleeding and enhanced transfusion
requirements.
5.3.3. Antithrombin
Background. Patients resistant to heparin may have insufﬁciently low AT levels or dysfunctional AT and may require
additional heparin dosing to reach the target ACT with a
concomitant risk of residual heparin in the postoperative
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phase. Alternatively, AT levels can be restored by recombinant
AT supplementation before CPB.
Description of the Evidence. In a small RCT (n ¼ 20),
preoperative AT supplementation (50 U/ kg) was not associated
with reduced post-operative bleeding compared with the controls.
At 6 and 12 h following surgery, median blood loss was similar
between the groups (P ¼ 0.33 and P ¼ 0.24, respectively), with
a higher variation in the AT group.166 In heparin-resistant patients
(deﬁned as those demonstrating an inability to reach a target ACT
of 480 s upon the administration of 300 þ 100 IU/kg heparin), a
single bolus of AT (75 U/kg) was associated with a reduced use
of FFP. Administration of AT compared with placebo tended to
increase 12-h postoperative bleeding (mean blood loss 1290 vs
756 ml; P ¼ 0.05), without differences in transfusion rates
between the groups.155 In a second RCT, AT supplementation
also resulted in higher bleeding rates 12 h after surgery compared
with the controls (mean blood loss 450 vs 350 ml, respectively;
P ¼ 0.011).167
In summary, AT supplementation is indicated in patients
with AT deﬁciency to improve heparin sensitivity but should
not be used prophylactically to reduce bleeding following
CPB. FFP may be considered an alternative to AT supplementation in patients with AT deﬁciency to improve heparin
sensitivity.
5.3.4. Heparin-Induced Thrombocytopenia Anticoagulation
Management
Background. In patients with Type 2 heparin-induced thrombocytopenia (HIT), antibodies are generated against the antigen complex of heparin and platelet factor 4. This antigen–
antibody complex may cause haemostatic and platelet activation and severe thromboembolism, which is diagnosed by
highly speciﬁc platelet function tests or heparin–platelet factor
4 antibody enzyme-linked immunosorbent assays and platelet
serotonin release assays.168 Usually, HIT antibodies develop
after 7–14 days of exposure to heparin with a half-life of 40–
100 days. Newer generation ELISA tests are immunoglobulin
G-speciﬁc, whereas older assays also measured immunoglobulin M and immunoglobulin A antibodies, resulting in a
signiﬁcant overdiagnosis of HIT.168–170 When HIT is diagnosed, heparin should be replaced by an alternative anticoagulant. The risks of alternative anticoagulation procedures,
including increased bleeding, have to be balanced against
potential HIT-associated complications.
Description of the Evidence. Direct thrombin inhibitors like
bivalirudin or argatroban can be used as an alternative anticoagulant during CPB. Bivalirudin is the only agent that has
been studied in prospective multicentre trials in patients with
and without HIT undergoing on-pump and off-pump cardiac
surgery.171–174 In a cardiac surgery trial in patients without
HIT, safety data for bivalirudin were almost comparable to
those of the competitor heparin–protamine.173 Bivalirudin has
a short elimination half-life (rv25 min) and no speciﬁc
antidote. Due to its unique pharmacological characteristics,
the surgical and perfusion strategies must be adjusted for the
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target ACT, use of prime volume and cardioplegia to avoid the
stagnation of blood in the CPB circuits.175
Another strategy is to combine heparin with a potent
shortacting antiplatelet agent, such as iloprost or tiroﬁban, to
inhibit or attenuate the HIT reaction.176,177 However, when the
effects of iloprost or tiroﬁban are eliminated, patients may
again be at risk of developing HIT-associated complications.
There are no sufﬁcient data to support reduction of HIT
antibodies via perioperative plasmapheresis.178,179
In summary, in patients with HIT antibodies, in whom
surgery cannot be postponed, bivalirudin anticoagulation may
be considered when the bleeding risk is acceptable. The use of
heparin in the pre- and postoperative periods should be
avoided. If bivalirudin is deemed to be associated with a high
risk of bleeding, heparin in combination with an antiplatelet
agent may be considered.
5.4. Intravascular Volume
Recommendations
The use of goal-directed
haemodynamic therapy to reduce
transfusions is not recommended.
The use of modern low-molecular
weight starches in priming and nonpriming solutions to reduce bleeding
and transfusions are not
recommended.
Limitation of haemodilution is
recommended as part of a blood
conservation strategy to reduce
bleeding and transfusions.
Preoperative autologous blood
donation in patients with high
haemoglobin levels ( 4110 g/l) may
be considered to reduce
postoperative transfusions.
Acute normovolaemic haemodilution
may be considered to reduce
postoperative transfusions.
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5.4.1. Goal-Directed Haemodynamic Therapy
Background. Goal-directed therapy is deﬁned as the use of
ﬂuids, inotropes, vasoconstrictors and/or blood transfusions to
target systemic haemodynamic goals, such as blood pressure
or cardiac output, which improve the perfusion and oxygenation of tissues.
Description of the Evidence. An RCT combined with a
systematic review187 was designed to investigate the effect of
goal-directed therapy on outcomes in high-risk cardiac surgical
patients (EuroSCORE 46 and/or with recent MI o14 days).

C. Boer et al. / Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]

Although patients in the goal-directed therapy arm received
more intravenous ﬂuids compared with the controls, there were
no differences in intraoperative PRBC transfusion volumes
between the groups [0 (0) units vs 1 (1.6) units, respectively;
P ¼ 0.32).187 There are currently no other studies available in
this area that focus on bleeding and blood transfusions.
Low blood pressure is, among other interventions, treated
by vasopressors, but the rise in blood pressure might contribute to enhanced blood loss. On the other hand, maintaining
the mean arterial pressure using a vasoconstrictor mitigates the
haemodilution associated with anaesthesia and CPB.188 One
RCT showed that goal-directed therapy using ﬂuids, inotropes
and vasopressor therapy did not affect the secondary end point
transfusion requirements, despite there being more vasopressor
therapy than in the control group.189 Given the availability of
limited data, it is not possible to reach evidence-based
conclusions on the beneﬁts of goal-directed ﬂuid therapy in
this setting.
5.4.2. Use of Crystalloids and Colloids
Background. There is no consensus regarding optimal ﬂuid
strategies in cardiac surgery, but it has been suggested that the
use of hydroxyethyl starches (HES) may be associated with
increased perioperative blood loss. Most of the available RCTs
are limited by sample size and focus on the effect of different
priming solutions on patient haemostasis, with bleeding or
transfusion requirements as a secondary end point.
Description of the Evidence
Priming Solutions. In studies addressing the impact of the
type of priming solution on postoperative bleeding and blood
product transfusion as secondary end points, a comparison of
6% HES 130/0.4 (mean molecular weight 130 kDa; degree of
substitution) with 6% HES 400/0.7 prime with gelatine
prime,190 albumin prime191,192 or Ringer’s acetate193 was
made. There was no effect of 6% HES 130/0.4 on blood loss
or transfusion requirements. Two studies showed a reduction
in postoperative blood loss when albumin was added to an
HES 130/0.4 prime194 or compared to 6% HES 200/0.5 with
3.5% gelatin.195 However, a review of prospective studies that
compared different priming solutions with blood loss and/or
transfusion requirements as primary end points reported no
difference in postoperative blood loss when different HES
solutions were evaluated.196–199
Volume Therapy. Two studies investigated the impact of
different intraoperative volume therapy strategies on postoperative bleeding and/or transfusion as the primary end point.
A comparison of 1 litre of 6% HES with 5% albumin during
off-pump CABG procedures was associated with signiﬁcantly
more 12-h chest drainage volume (mean blood loss 732 vs 563
ml; P o 0.001).200 In contrast, 6% HES 130/0.4 vs 3.5%
gelatine showed no differences in total blood loss (mean blood
loss 19.4 vs 19.2 ml/kg).201 In a 3-armed study, there was no
difference in 24-h blood loss when 5% albumin or Ringer’s
lactate was compared with 6% HES 130/0.4 (mean blood loss
835 vs 670 vs 700 ml, respectively; P ¼ 0.085). However, the
transfusion rates of PRBC were higher in the albumin and
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HES groups compared with that of Ringer’s lactate (58% vs
61% vs 24%, respectively; P ¼ 0.0013), with the highest
creatinine levels reported for the HES group.202
In summary, in studies designed to show a difference in
blood loss or transfusion requirements, distinct priming solutions or perioperative volume strategies revealed comparable
results. However, due to the suggestion that the use of HES
may be associated with kidney failure and increased mortality
rates, starches are decreasingly used as volume therapy during
cardiac surgery. It is therefore not recommended to use
modern low-molecular-weight starches in priming and nonpriming solutions to reduce bleeding and transfusions.
5.4.3. Haemodilution and Cardioplegia
Background. Haemodilution is advantageous to a certain
degree, because it lowers blood viscosity and may improve
microcirculatory perfusion. However, haemodilution also leads
to a reduced concentration of coagulation factors and blood
cells during and following ECC, which may have implications
for postoperative haemostasis and organ function.
Description of the Evidence. Publications from large database studies have shown that low haematocrit values are
associated with increased morbidity182 and in-hospital
deaths.203 One meta-analysis showed that the use of minimized circuits reduces haemodilution, postoperative bleeding
and transfusion requirements.100 Two studies focused on
haemodilution independent of the use of MiECC systems by
implementing a multimodality blood conservation scheme or
restricting intravenous ﬂuids during surgery.180,181 In both
studies, a marked reduction in the number of transfusions with
increased haematocrit values was achieved.180,181
In conclusion, limitation of haemodilution is recommended
as part of a blood conservation strategy to reduce bleeding and
transfusions.
5.4.4. Predonation of Blood
Background. Preoperative autologous blood donation in the
hours, days or weeks before surgery may reduce the number of
allogeneic blood transfusions. Preoperative blood donation is
limited to patients with relatively high Hb and haematocrit
levels and with a relatively large body surface area without
coagulation abnormalities.
Description of the Evidence. A large retrospective study
showed that autologous blood donation in elective CABG or
valve surgery was associated with a lower occurrence of
allogeneic blood transfusion and cost-effectiveness.184 However, the study lacked statistical adjustment for confounding
factors.184 In a matched-pair analysis with 432 patients, it was
shown that preoperative autologous blood donation was
associated with a reduction in the transfusion rate of PRBC
from 55% to 32% and a 50% reduction in the administration of
FFP and platelet concentrate (PLTC).183 A nested case-control
study (corrected for confounding factors) further revealed that
preoperative autologous blood donation reduced PRBC transfusions by 18.3% in valve surgery.204 This study was,
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however, limited by the lack of preoperative Hb and haematocrit data.204
Based on the current evidence, we suggest that preoperative
autologous blood donation in patients without severe aortic
stenosis, Canadian Cardiovascular Society (CCS) Grade 3–4
angina or ACS o4 weeks and with high Hb levels (4110 g/l)
who are having elective surgery may be considered to reduce
the number of postoperative transfusions.
5.4.5. Acute Normovolaemic Haemodilution
Background. During acute normovolaemic haemodilution
(ANH), the patient donates blood just before the onset of
surgery that is replaced by an equal amount of volume to
maintain normovolaemia. The donated blood is retransfused
after CPB, but this practice comes at the cost of lower
haematocrit values during surgery.
Description of the Evidence. A recent systematic review and
meta-analysis including 29 RCTs investigated the effect of
ANH using a variation of colloid, albumin and crystalloid
volume replacement on allogeneic PRBC transfusion requirements in adult and paediatric cardiac surgical procedures.186
The majority of the studies included had no predeﬁned
transfusion protocols. In the 21 studies with allogeneic blood
transfusion as a predeﬁned end point, patients subjected to
ANH received fewer PRBCs (-0.79 units; 95% CI -1.25 to
-0.34; P ¼ 0.001), albeit with a considerable variation in the
effect size between studies.186 Moreover, most of the studies
with a large beneﬁt of ANH on PRBC transfusion were
published before 2001. In the studies reported after 2001, only
half of the studies showed a beneﬁt of ANH on PRBC
transfusion. ANH was associated with a signiﬁcant, but
clinically irrelevant, reduction in postoperative bleeding
(-0.64 ml; 95% CI -0.97 to -0.31; P o 0.0001).
In summary, ANH may have a beneﬁcial effect on postoperative transfusion rates, but this conclusion should be
viewed in light of the older studies included in this metaanalysis.
6. Coagulation and Transfusion
Postoperative diagnosis and guidance of patient haemostasis
and treatment of haemostatic abnormalities by speciﬁc procoagulant interventions or blood transfusion products should
be considered as closing the circle of PBM in cardiac surgery.

Antiﬁbrinolytic therapy (TXA,
aprotinin and EACA) is
recommended to reduce bleeding
and transfusions of blood products
and reoperations for bleeding (TXA
and aprotinin).
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6.1.1. Antiﬁbrinolytics

6.1. Procoagulant Interventions
Recommendations

The prophylactic use of FFP to reduce
bleeding is not recommended.
The use of PCC or FFP may be
considered to reverse the action of
VKAs.
In patients with factor XIII activity
o70% after CPB, the
administration of factor XIII may be
considered to reduce bleeding.
Prophylactic ﬁbrinogen administration
is not recommended.
In the bleeding patient with a
lowﬁbrinogen level (o1.5 g/l),
ﬁbrinogen substitution may be
considered to reduce postoperative
bleeding and transfusions.
In patients where bleeding is related to
coagulation factor deﬁciency, PCC
or FFP administration should be
considered to reduce bleeding and
transfusions.
The prophylactic use of DDAVP to
reduce bleeding is not
recommended.
In bleeding patients with platelet
dysfunction on the basis of an
inherited or acquired bleeding
disorder, the use of DDAVP should
be considered to reduce bleeding
and the requirement for transfusions.
The prophylactic use of rFVIIa to
prevent bleeding is not
recommended.
In patients with refractory, nonsurgical bleeding, off-label use of
rFVIIa may be considered to reduce
bleeding.
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Background. Antiﬁbrinolytic therapy is widely used to reduce
bleeding, transfusions of blood products and reoperations for
bleeding. Three antiﬁbrinolytics are used to reduce reoperation
for bleeding and blood product transfusion in cardiac surgery:
TXA, aprotinin and EACA. Although aprotinin was withdrawn
from the market in 2007, in some countries, the drug remains
available through a limited access plan.
Tranexamic Acid. The Aspirin and Tranexamic Acid for
Coronary Artery Surgery (ATACAS) RCT compared TXA
with placebo in patients having CABG surgery and
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demonstrated a reduction in the risk for reoperation due to
major haemorrhage (RR 0.36, 95% CI 0.21–0.62; P o0.001)
and in the need for the transfusion of any blood products
(37.9% vs 54.7%; P o0.001).205 This result conﬁrms the
ﬁndings of previous meta-analyses.206,225,226 In a systematic
review and cumulative meta-analysis, it was shown that TXA
reduced the pooled risk ratio for blood transfusion in patients
having cardiac surgery compared with the controls (RR 0.65,
95% CI 0.60–0.70; P o0.001).226 The most signiﬁcant
reported side effect of TXA was convulsive seizure.227,228
The ﬁndings from the ATACAS trial showed that low-dose
(50 mg/kg) versus highdose (100 mg/kg) TXA was not safer in
terms of seizures (0.7 vs 0.6%, respectively), but the higher
dose signiﬁcantly reduced blood loss (P ¼ 0.026) and PRBC
transfusion (P ¼ 0.017).205
Aprotinin. The use of aprotinin in patients having cardiac
surgery has been studied extensively. Several RCTs and metaanalyses demonstrated its efﬁcacy in reducing the risk of
reoperation for bleeding (RR 0.46, 95% CI 0.34–0.63; P
o 0.001) and the need for blood product transfusion (RR 0.68,
95% CI 0.63–0.73; P o 0.001).206 It was suggested that
aprotinin was a more effective agent than lysine analogues in
reducing allogeneic blood exposure, but the differences
between the antiﬁbrinolytics were small (RR 0.86, 95% CI
0.76–0.96; P ¼ 0.0083).206 Moreover, most of the studies
were restricted to patients having CABG.207
Data from observational studies229,230 indicated an increased
risk of death associated with aprotinin. In these studies, aprotinin
was preferentially administered to patients with more risk factors
for increased mortality rates at the baseline compared with the
control groups. Several observational studies did not report an
association between aprotinin and safety outcomes.231–233 The
Blood Conservation Using Antiﬁbrinolytics in a Randomized Trial
(BART),234 which was not designed to look at safety, reported
higher mortality rates for patients treated with aprotinin compared
to those treated with TXA or EACA, which led to the regulatory
marketing suspension of aprotinin. Subsequent recognition of the
signiﬁcant limitations of the BART trial, including crossover of
patients in the trial arms,235 and a network meta-analysis showing
no adverse effect of aprotinin compared with placebo and other
agents,232 led to the lifting of the marketing restriction in Canada
and by the European Medicine Agency in 2012 in Europe.236,237
ò-Aminocaproic Acid. In comparison with TXA, limited
data are available to support the use of EACA in cardiac
surgery.206 A meta-analysis of observational studies showed
that the use of EACA reduced the risk for blood product
transfusions (RR 0.70, 95% CI 0.52–0.93; P ¼ 0.015) but did
not decrease the risk of re-exploration for bleeding (RR 0.35,
95% CI 0.11–1.17; P ¼ 0.087).
In summary, safety studies should be designed to deﬁne the
dose–response relationship of the adverse effects observed
following the administration of aprotinin and TXA, given the
positive impact these agents have on bleeding.
6.1.2. Fresh-Frozen Plasma
Background. Fresh frozen plasma is obtained by separating
the plasma, including coagulation factors and other proteins
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026
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and soluble constituents of the blood, from particular elements
in donated blood. An increasing number of countries use
pooled plasma. Pooled plasma contains plasma from multiple
donors and is inactivated for viruses with a lower risk of
transfusion-induced lung injury.
Description of the Evidence. The largest body of evidence is
gathered on the prophylactic administration of FFP to patients
without a diagnosed coagulopathy and is summarized in a
Cochrane review208 and 3 other systematic reviews.209,210,238
The RCTs included were limited by small sample sizes and
divergent doses of FFP. There was no difference in blood loss
or allogeneic blood transfusion in patients undergoing cardiac
surgery who received FFP compared with the controls.209,210,238 It was also shown that the therapeutic use of
FFP in patients with established coagulopathy or for reversal
of oral anticoagulation has no effect on 24-h blood loss.209,238
In summary, FFP might be used to reverse the action of oral
anticoagulation or in the case of persistent perioperative
bleeding, but there is no evidence that prophylactic or
therapeutic FFP transfusions reduce blood loss after cardiac
surgery.
6.1.3. Factor XIII
Background. Factor XIII (FXIII) is the terminal enzyme in
the coagulation cascade and is necessary for cross-linking
ﬁbrin monomers to form a stable, strong ﬁbrin clot. Low FXIII
levels have been reported after cardiac surgery and are
associated with increased bleeding.213,239,240 Speciﬁc immunological assays are needed to determine functional FXIII
activity. Detection of FXIII deﬁciency by TEM has been
described,241 but there is currently no clinically available
point-of-care (POC) test.
Description of the Evidence. Three RCTs (n ¼ 527)
evaluated the effect of the administration of FXIII after the
administration of protamine.213,242,243 The results showed no
differences in postoperative bleeding volumes and transfusion
rates with any FXIII dosage regimens. There was no difference
in adverse events, including thromboembolic events and death,
between the intervention and the control groups. However, in
patients with a postoperative FXIII level 70%, the bleeding
volume was higher compared to patients with FXIII levels
470%213; therefore, the latter patients might be the target
population.
In summary, there is no evidence that administration of
FXIII might be beneﬁcial regarding the reduction of postoperative bleeding volumes and transfusion rates in patients
with normal concentrations of FXIII (470%).
6.1.4. Fibrinogen Concentrates
Background. Fibrinogen is the ﬁrst factor to be depleted
during signiﬁcant bleeding and haemodilution.220,244 Preoperative ﬁbrinogen levels o 1.5 g/l25 and hypoﬁbrinogenaemia after cardiac surgery242,245 have been associated with
increased postoperative bleeding. Fibrinogen supplementation
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has, therefore, been advocated as one of the primary haemostatic aims in patients who bleed after cardiac surgery.246
Description of the Evidence
Pre- and Postoperative Fibrinogen Substitution. In an
RCT including 48 patients, preoperative ﬁbrinogen substitution slightly increased intra- and postoperative ﬁbrinogen
concentrations but did not reduce postoperative bleeding in
patients who had CABG (mean blood loss 650 vs 730 ml, P ¼
0.29).247 Postoperative ﬁbrinogen administration was tested in
4 studies, with contrasting results. Two studies248,249 that
included 167 patients undergoing complex cardiac surgery
showed reduced requirements for allogeneic blood products in
the intervention group. In both studies, ﬁbrinogen concentrate
was administered, the goal being a maximal clot ﬁrmness of 22
mm in FIBTEM (ROTEM, Basel, Switzerland). These ﬁndings
are in agreement with a Cochrane systematic review published
in 2013, which showed a reduced relative risk of blood
transfusion after ﬁbrinogen supplementation (RR 0.47, 95%
CI 0.31–0.72).216 However, 2 more recent RCTs in bleeding
patients after complex cardiac surgery could not conﬁrm the
previous ﬁndings.215,250 Indeed, the largest RCT of 152
bleeding patients without hypoﬁbrinogenaemia undergoing
elective aortic surgery, randomly assigned to ﬁbrinogen
concentrate or placebo, found that patients treated with a
ﬁbrinogen concentrate had a signiﬁcantly higher rate of any
allogeneic blood product use compared with placebo (median
units 5.0 vs 3.0, P ¼ 0.026).250 A post hoc analysis from an
RCT showed that substitution with ﬁbrinogen concentrate to
more than 2.87 g/l (or maximal clot ﬁrmness of 14 mm in
FIBTEM) could not further reduce bleeding volume.251 Data
from a Cochrane review including 124 patients from 3 RCTs216
and a propensity score analysis in 380 patients undergoing
cardiac surgery252 suggested no increased risk of thromboembolic events or death after ﬁbrinogen substitution. However,
additional safety data from larger RCTs, which also addressed
different ﬁbrinogen target concentrations, are necessary to
conﬁrm this assumption.
In summary, prophylactic ﬁbrinogen administration is not
recommended for reducing postoperative bleeding and transfusion risks. However, in patients with a low-ﬁbrinogen level
and signs of persistent microvascular bleeding, ﬁbrinogen
substitution may be considered to reduce the requirement for
transfusions.
6.1.5. Prothrombin Complex Concentrate
Background. PCCs are lyophilized, human plasma-derived
vitamin K-dependent coagulation factors. In Europe, only
4 factor concentrates are available, containing coagulation
factors II, VII, IX and X. Although the concentration of factor
IX is standardized, the other factors might vary among the
different available products. Also, PCC might contain various
amounts of AT; proteins C, S and Z and heparin.246,253
Description of the Evidence. In patients with extremely high
INR values (4 4–5) taking VKAs for the long term who need
urgent or emergent surgery, the use of PCCs might be
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advantageous compared with FFP due to the more rapid
reversal of the anticoagulant effect. A Cochrane review,
however, showed no evidence of a difference between PCC
and FFP in terms of postoperative bleeding and transfusion
risks.212 In 40 patients with an INR 42.1, the perioperative
administration of PCC reversed anticoagulation safely; reversal was faster and postoperative bleeding volume was lower
compared with the administration of FFP.211
Three retrospective cohort studies in 402 patients showed
that PCC was associated with fewer re-explorations for
bleeding, less blood loss and fewer transfusions of PRBCs
compared with FFP.219,254,255 The use of PCCs in patients
with bleeding after CPB might be associated with an increased
risk of thromboembolic events and acute kidney injury.255
Recommendations for dosing are not established, and administration might be tailored to the individual patient based on
laboratory and clinical variables, including POC coagulation
testing.246,253
To summarize, in patients in whom bleeding is related to
coagulation factor deﬁciency, PCC or FFP administration
should be used to reduce bleeding and transfusions. PCC
may be preferred over FFP when rapid normalization of
coagulation factors is needed.
6.1.6. Desmopressin
Background. Desmopressin (DDAVP) is a haemostatic agent
that was developed to prevent and treat bleeding in patients
with mild haemophilia (5–50% of the normal concentration of
clotting factors VIII and IX) and patients with von Willebrand’s deﬁciency, e.g. due to aortic stenosis. DDAVP
stimulates the release of von Willebrand factor from endothelial cells. DDAVP is sometimes administered to treat postoperative bleeding in patients undergoing cardiac surgery with
impaired platelet function.
Description of the Evidence. The effects of DDAVP on
bleeding in patients having cardiac surgery are summarized in
a Cochrane systematic review of 29 RCTs256 and 2 metaanalyses.222,257 Summing up the evidence, the prophylactic
use of DDAVP did not reduce blood loss (weighted mean
difference 241 ml, 95% CI -387.55 to -96.01 ml) or the risk of
blood transfusions (OR 0.96, 95% CI 0.87–1.06). Recently
published meta-analyses concluded that DDAVP has a small
effect on the volume of blood loss and allogeneic blood
product transfusions.222,257 Furthermore, the effect of DDAVP
may be more profound in subgroups, e.g. for patients on
platelet inhibitors, patients with reduced platelet function and
patients exposed to prolonged CPB times.222 There was no
increased risk for MI (RR 1.38, 95% CI 0.77–2.50), stroke
(RR 2.40, 95% CI 0.68–8.43) or any thromboembolic complications (RR 1.46, 95% CI 0.64–3.35) after the administration of DDAVP.256,257 However, the risk of hypotension
during administration of DDAVP that required ﬂuids and/or
vasoactive drugs was signiﬁcantly increased (RR 2.81, 95% CI
1.50–5.27).256
In summary, prophylactic use of DDAVP is not recommended, but its administration might be beneﬁcial in patients
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who are bleeding who have inherited or acquired bleeding
disorders or platelet dysfunction.258
6.1.7. Recombinant Factor VIIa
Background. Recombinant factor VIIa (rFVIIa) is used in the
treatment and prevention of bleeding in patients with inherited
bleeding disorders. The observed haemostatic properties of this
agent led to its off-label use in life-threatening bleeding, but
nowadays its use is considered to be a last resort in the event
of uncontrollable blood loss.
Description of the Evidence. A 2012 Cochrane review
analysed 29 RCTs with respect to the prophylactic (1361
patients) and therapeutic use (2929 patients) of rFVIIa in
patients with or without haemophilia.224 Prophylactic rFVIIa
use just failed to reach signiﬁcance to reduce transfusion rates
(RR 0.85, 95% CI 0.72–1.01) compared with placebo, but this
result was associated with an increased risk of thromboembolic
adverse events (RR 1.35, 95% CI 0.82–2.25). There was no
beneﬁt of the therapeutic use of rFVIIa compared with the use
of placebo with respect to transfusion rates, but the administration of rFVIIa was associated with reduced mortality rates
(RR 0.91, 95% CI 0.78–1.06) at the cost of more major
thromboembolic events (RR 1.14, 95% CI 0.89–1.47).
In summary, prophylactic use of rFVIIa cannot be recommended in cardiac surgery; its therapeutic use should only be
considered in patients with uncontrollable bleeding that cannot
be managed by other procoagulant interventions.
6.2. Transfusion Strategies
Recommendations
Implementation of a PBM protocol for
the bleeding patient is recommended.
The use of PRBCs of all ages is
recommended, because the storage
time of the PRBCs does not affect the
outcomes.
The use of leucocyte-depleted PRBCs
is recommended to reduce infectious
complications.
Pooled solvent detergent FFP may be
preferred to standard FFP to reduce
the risk of TRALI.
Perioperative treatment algorithms for
the bleeding patient based on
viscoelastic POC tests should be
considered to reduce the number of
transfusions.
It is recommended that one transfuse
PRBCs on the basis of the clinical
condition of the patient rather than on
a ﬁxed haemoglobin threshold.
A haematocrit of 21–24% may be
considered during CPB when an
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adequate DO2 (4273 ml O2/min/m2)
level is maintained.
Platelet concentrate should be
transfused in bleeding patients with a
platelet count below 50 (109/l) or
patients on antiplatelet therapy with
bleeding complications.
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management; POC: point of care; PRBCs: packed red blood cells; TRALI:
transfusion-related acute lung injury.
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6.2.1. Quality of Blood Products
Background. Stored PRBCs or FFP reveal comparable
efﬁcacy compared to fresh products but differ in terms of
the risk of the transmission of bacterial or viral infectransfusion-related
acute
lung
injury
tions,269,270
(TRALI)271,272 and transfusion-related immune modulation
(TRIM).273–275 To avoid TRALI, FFP and PLTC must be
collected from men, women who have not been pregnant and
women who have tested negative for human leucocyte antigen
antibodies to reduce the risk of TRALI.271 The effects of
TRIM are assumed to be caused by allogeneic mononuclear
cells, white blood cell-derived soluble mediators and human
leucocyte antigen peptides, transfused mainly via PRBCs.273
TRIM has been associated with increased rates of mortality
and morbidity in cardiac surgery and an increased risk of
developing infections.274,275
Description of the Evidence. Leucocyte reduction of PRBC is
the standard practise in Europe and preserves the quality of
PRBC during storage and inﬂuences favourably on morbidity.261
In an RCT, patients having cardiac surgery either received buffy
coat-depleted or leucocyte-depleted erythrocytes.276 Although no
differences in mortality rates could be shown, patients receiving
leucocyte-depleted PRBCs showed a reduced infection rate
compared with the controls (21.6% vs 31.6%; OR 1.64, 95%
CI 1.08–2.49).276 The implementation of new additive solutions
further improved PRBC quality during storage.
In the Red-Cell Storage Duration Study (RECESS), 1098
cardiac surgical patients were randomized to receive exclusively ‘new’ (r 10 days) or ‘old’ ( Z 21 days) leucocytedepleted PRBCs.259
There were no differences in multiple-organ dysfunction
and mortality rates between either arm. These results are in
line with the results of a large Swedish registry that compared
the outcomes of 47 071 cardiac surgery patients from 1997 to
2012 who were exclusively transfused with PRBC stored for
o14 days (36.6%), 14–27 days (26.8%), 28–42 days (8.9%)
or of mixed age (27.8%).277 No differences were noted in
terms of 30-day-, 2-year- and 10-year mortality rates or in
relation to 30-day organ dysfunction or serious infection.277 A
current meta-analysis that included the Red-Cell Storage
Duration Study291 and the large Age of BLood Evaluation
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(ABLE) trial260 showed that red blood cell storage time does
not affect mortality rates, adverse events or nosocomial
infections.278
PLTCs can be produced as single-donor apheresis PLTC or
as pooled (4–5 donors) whole-blood-derived PLTC. Although
the risk for TRALI appears to be comparable, an increased risk
of transmitting infections is associated with whole-bloodderived PLTC transfusions.279 One retrospective study in
3272 patients who received single-donor PLTC aged 2–5 days
showed no association between PLTC storage age and shortterm outcome, survival or postoperative infections.280 Solvent–detergent treatment and pooling of FFP (SD-FFP) are
performed to inactivate capsulated lipid-enveloped viruses and
dilute human leucocyte antigen antibodies to reduce TRALI.
In a haemovigilance report from Norway (1998–2003), where
SD-FFP is exclusively used, no case of TRALI has been
associated with SD-FFP transfusion, whereas 3 other European
countries have reported incidences of 1.6–8.8 when transfusing FFP.262
In conclusion, we recommend the use of PRBCs of all ages,
because the storage time of the PRBCs does not affect
outcomes. In an attempt to reduce infectious complications,
the use of leucocyte-depleted PRBCs is recommended; in
contrast, the pooled SD-FFP may be preferred over standard
FFP to reduce the risk for TRALI.
6.2.2. Algorithm-Guided Therapy of Perioperative Bleeding
Background. The introduction of POC tests—in particular,
TEG and TEM—has led to the development of speciﬁc

algorithms to diagnose and, consequently, treat theragnostic
perioperative bleeding in cardiac surgery. The ﬁrst algorithms
were based on TEG, and their effectiveness was tested in a
small series using historical controlled series, ﬁbrinogen
concentration measurements using the Clauss method or a
viscoelastic ﬁbrinogen test.251,281 Figure 3 provides an overview of possible monitoring options throughout the perioperative period.
Description of the Evidence. A meta-analysis with 5223
patients shows that exposure to any allogeneic blood product
was lower in the POC group (49.6%) than in the conventional
group (60.2%; OR 0.63, 95% CI 0.56–0.71; P o0.0001). This
ﬁnding was conﬁrmed when we considered RCTs only (OR
0.37, 95% CI 0.21–0.68; P ¼ 0.0018). The most relevant
decrease in transfusion rate was related to FFP (OR 0.31, 95%
CI 0.13–0.74), followed by platelet transfusion (OR 0.62, 95%
CI 0.42–0.92) and PRBCs (OR 0.63, CI 0.50–0.78).263 Data
on chest tube drainage in a subpopulation of 400 patients
revealed no differences. Data on the surgical re-exploration
rate favoured the POC group versus the conventional group
(OR 0.56, 95% CI 0.45–0.71; P o0.00001).263 However, a
recently published meta-analysis could not show any beneﬁt of
algorithm-based therapy on surgical reoperation rates.264 There
was a reduction of thromboembolic events in the POC-guided
group versus the conventional group (1.3% vs 2.9%; OR 0.44,
95% CI 0.28–0.70; P ¼ 0.0005). No differences were found
with regard to mortality rates (OR 0.92, 95% CI 0.74–1.16;
P ¼ 0.45).263 The majority of the studies considered

Figure 3. Haemostatic monitoring throughout the perioperative period and possible treatment modalities. ACT: activated clotting time; CPB: cardiopulmonary
bypass; DAPT: dual antiplatelet therapy; DDAVP: desmopressin; EACA: e-aminocaproic acid; EPO: erythropoietin; FFP: fresh-frozen plasma; i.v.: intravenous;
MiECC: minimally invasive extracorporeal circulation circuit; PCC: prothrombin complex concentrate; PRBC: packed red blood cells.
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algorithms based on viscoelastic tests, whereas a minority
reported data inclusive of platelet function tests.263
In 2016, an updated comprehensive Cochrane report that
primarily included cardiac surgery reports assessed the
beneﬁts and harms of TEG- and TEM-guided transfusions
in adults and children with bleeding.282 The use of TEG- and
TEM-guided management was associated with a reduction in
the proportion of patients receiving PRBC transfusions (RR
0.86, 95% CI 0.79–0.94), FFP (RR 0.57, 95% CI 0.33–0.96)
and platelets (RR 0.73, 95% CI 0.60–0.88), whereas there was
no signiﬁcant difference in the rate of surgical reoperation or
bleeding events and massive transfusions.282 In 2015, a
Dutch/British health technology assessment report conﬁrmed
the results of the Cochrane analysis and showed that
viscoelastic testing was cost-effective and more efﬁcient than
standard laboratory testing.283 An additional meta-analysis of
TEG-/TEM-based coagulation management included 9 RCTs
and 8 observational studies comprising 8332 patients.263 The
authors found that TEG-/TEM-based management reduced the
odds for transfusion requirements (OR 0.63, 95% CI 0.56–
0.71) and re-explorations for bleeding (OR 0.56, 95% CI
0.45–0.71) but made no difference in terms of mortality rate,
stroke or chest drain output volume.263 In a subsequent RCT,
7402 patients were randomized to POC haemostatic testing
with an integrated transfusion algorithm or standard of
care.265 POC haemostatic testing reduced the rates of PRBC
transfusions (adjusted RR 0.91, 95% CI 0.85–0.98), platelet
transfusions (RR 0.77, 95% CI 0.68–0.87) and major bleeding
(RR 0.83, 95% CI 0.72–0.94) without affecting complication
rates.265
In summary, the evidence supports the use of perioperative
POC testing in patients having cardiac surgery to reduce
transfusion requirements. Furthermore, it should be noted that
most of the published studies included only viscoelastic
coagulation tests, although a speciﬁc platelet function test
was included in the algorithm in 2 of the more recent
studies.265,284 Cut-off levels for non-acceptable intraoperative
and postoperative platelet function with the different devices
and the subsequent interventions are yet to be determined.
6.2.3. Transfusion Triggers for Packed Red Blood Cells and
Platelet Concentrate
Background. The transfusion threshold is usually deﬁned as
the critical haematocrit/Hb value, red cell volume or platelet
count/function when patients are transfused with PRBCs or
PLTC. However, dynamic strategies also take tissue perfusion/
oxygenation into account.285,286 Data of RCTs in cardiac surgery
are hard to compare, because transfusion thresholds of PRBC
transfusion and the quality of blood products vary among studies.
Description of the Evidence. A recent meta-analysis compared
restrictive (Hb 70–80 g/l) and liberal (Hb 90–100 g/l) transfusion
strategies using data from 6 RCTs with 3352 patients, showing a
30% reduction in the number of deaths in the restrictive regimen
group (OR 0.70, 95% CI 0.49–1.02; P ¼ 0.060).287 The
Brazilian Transfusion Requirements After Cardiac Surgery
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

23

(TRACS) trial compared a liberal transfusion threshold (haematocrit Z30%) with a restrictive threshold (haematocrit Z24%)
in 502 patients having CABG and/or valve surgery.267 The per
protocol analysis showed that more patients in the liberal group
received red blood cell transfusions (78% vs 48%; P o0.001)
without a difference in the composite end point of 30-day
mortality or severe morbidity.267 A subanalysis of a small
sample of patients older than 60 years (n ¼ 260) showed no
difference in the composite end point between the groups, albeit
with more cardiogenic shock in the restrictive transfusion
threshold group (12.8% vs 5.2%, P ¼ 0.031).288
The UK Transfusion Indication Threshold Reduction
(TITRe2) trial compared a liberal (Hb o90 g/l) with a
restrictive threshold (Hb o75 g/l) for leucocyte-depleted red
blood cells in 2000 patients undergoing CABG and/or valve or
aortic surgery.266 Fewer patients in the restrictive group
received red blood cells (63.7% vs 94.9%; RR 0.58, 95% CI
0.54–0.62; P o0.001), whereas the 90-day mortality rate was
doubled in the restrictive group (4.2% vs 2.6%; OR 1.64, 95%
CI 1.00–2.67; P ¼ 0.045). The TITRe2 study was criticized
regarding transfusion thresholds and confounders, which
might be overcome in the ongoing Transfusion Requirements
in Cardiac Surgery (TRICS III) study.
A small RCT conducted with patients undergoing CABG
with normothermic CPB and not requiring transfusions compared the effect of a haematocrit of 20% (n ¼ 28) with that of
a haematocrit of 25% (n ¼ 26). No differences in oxygen
delivery or consumption, blood lactate levels or clinical
outcome were found.268 In a single-centre investigation in
which surgery was restricted to CABG (n ¼ 3003), a nadir
haematocrit o28% during CPB was associated with an
increase in severe morbidity, whereas lowering the nadir
haematocrit to 24% was possible when a goal-directed
perfusion technique was established, which included maintenance of sufﬁcient oxygen delivery.182 These ﬁndings should
highlight the complex interaction of haematocrit, temperature,
oxygen supply and tissue perfusion for tissue oxygenation.
There are no studies available in which a certain platelet
count or value in a platelet function assay served as a threshold
for PLTC transfusion and could be identiﬁed as the key
effector to stop/reduce microvascular bleeding caused by
inadequate platelet count/function.289 However, in recent
American Association of Blood Bank guidelines, a platelet
count of 50 (109/l) was recommended as a therapeutic target
for the bleeding patient undergoing major surgery.290
In summary, recent studies seem to be in favour of liberal
PRBC transfusions. However, from an expert opinion, we
would like to underline that the clinical condition of the patient
and the optimization of the balance between oxygen delivery
and extraction in the tissues are the most important aspects to
be considered rather than a ﬁxed threshold of the level of Hb.
The acceptable haematocrit levels during CPB depend on the
risk proﬁle of the patient and his or her ability to maintain
adequate tissue perfusion and oxygenation. In bleeding
patients with a platelet count below 50 (109/l) or patients on
antiplatelet therapy, PLTC may be transfused.
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7. Anticoagulation Management During Extracorporeal
Life Support
Recommendations
Bivalirudin and argatroban may be
considered as alternatives for heparin
anticoagulation for prolonged ECLS/
ECMO therapy to prevent HIT type 2.

Classa Levelb Refc
IIb

C

a

Class of recommendation.
Level of evidence.
c
References.
ECLS: extracorporeal life support; ECMO: extracorporeal membrane oxygenation; HIT: heparin-induced thrombocytopenia.
b

The emerging use of extensive extracorporeal life support
(ECLS), e.g. bridge to transplantation, requires novel
approaches towards patient anticoagulation. This chapter
provides an overview of the current evidence on this topic.
Background
ECLS (venoarterial) and extracorporeal membrane oxygenation (ECMO; venovenous) systems are designed for the
temporary support of the failing heart and/or lungs. ECLS
systems are small, closed priming volume systems, including a
centrifugal pump and coated tubing without any option for
removal of air. A cellsaver device replaces cardiotomy suction.
ECLS and ECMO require long-term anticoagulation, which is
associated with an increased risk of thrombosis or bleeding.291
The majority of patients exposed to long-term ECC develop
acquired von Willebrand syndrome.
UFH anticoagulation is the standard in ECLS/ECMO, with
similar dosing challenges to those experienced during cardiac
surgery.292,293 Reagents, clot detection systems and reference
values of different aPTT and ACT assays used during
ECLS/ECMO vary greatly.291–293 Clotting tests do not take
into account disturbances of the coagulation system, which
are especially frequent in patients with multiple-organ failure
requiring ECLS/ECMO support. Strict heparin dosing based
on anti-Xa levels may increase the risk of excessive anticoagulation and bleeding.294,295 During the use of AT-independent anticoagulants, such as argatroban and bivalirudin,
excessive anticoagulation and bleeding are avoided. However, in the absence of antidotes, bivalirudin requires
haemoﬁltration to be eliminated from the circulation.296
Moreover, there is no strategy for enhanced extracorporeal
elimination of argatroban, which is predominantly eliminated
via the hepatic system.297
Description of the Evidence
There are signiﬁcant institutional variations in the anticoagulation management and monitoring of ECLS/ECMO.298
The dose of heparin anticoagulation depends on the assay,
with broad target ranges for the aPTT of 45–80 s and ACT of
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

140–220 s. Bivalirudin (0.02–0.05 mg/kg/h) and argatroban
(0.1–0.2 mg/kg/h) are usually dosed on the basis of the aPTT
with target ranges of 45–80 s and 50–60 s, respectively.
Particularly in adult patients, data are limited to small,
mostly retrospective, single-centre studies. Clinical outcome
studies are rare and mostly too underpowered to allow one to
draw valid conclusions. In 1 study with 22 patients on ECMO,
low anti-Xa levels were associated with an increase in deep
venous thrombosis.299 This study also showed that the
correlation of ACT or aPTT values with anti-Xa levels was
poor to moderate, respectively.299 In 71 patients, a reduction of
the ACT target value from 180–220 to 140–160 s reduced
bleeding complications and transfusions without increasing
thromboembolic events.300 The role of AT replacement in
ECLS/ECMO remains to be clariﬁed, because the evidence is
limited to paediatric and small studies.298,301 Implementation
of viscoelastic tests for anticoagulation monitoring during
ECLS/ECMO appears to be promising but needs further
validation.298,302 Successful use of bivalirudin303,304 and
argatroban305 during ECLS/ECMO therapy based on aPTT
dosing has been reported in small series in patients with and
without HIT. Bivalirudin anticoagulation, when compared to
heparin, resulted in more stable conditions of the haemostatic
system and reduced bleeding and transfusion rates of
bivalirudin.303,304
In summary, the evidence for an optimal anticoagulation
strategy during ECLS/ECMO is weak, and larger prospective
studies are required.
8. Final Remarks
PBM in cardiac surgery comprises a multidisciplinary and
multifactorial approach and consists of a sequence of separate
strategies and interventions. A key factor in a successful PBM
programme is the close collaboration between surgeons, anaesthetists, clinical perfusionists and intensivists. The joint effort of
EACTS and EACTA to write this guideline underlines the
importance of team efforts, and future guidelines should be
extended to enable collaborations with other societies.
Our goal was to provide evidence-based recommendations
with respect to blood-conservation strategies, preoperative
patient optimization, intraoperative interventions and postoperative monitoring and treatment of bleeding disorders. All
recommendations were based on bleeding-related end points,
which narrowed our search strategy and reference list (Fig. 4).
The lack of consensus on the deﬁnition of bleeding outcomes
and their relevance for patient recovery warrants a consensus
deﬁnition for bleeding complications in cardiac surgery for
future studies. We also aimed to adhere to recommendations
provided by other guidelines in this area.
A closer evaluation of the recommendations included in this
guideline suggests that several fundamental aspects of PBM
programmes are supported by the moderate quality of the
evidence, and large RCTs are warranted to improve the
evidence base of this guideline.
Additionally, it has to be highlighted that a large number of
studies included in this guideline, in particular haemovigilance
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Figure 4. Key messages of the Joint Effort Patient Blood Management Guidelines for Adult Cardiac Surgery. ACT: activated clotting time; AT: antithrombin;
CABG: coronary artery bypass grafting; CPB: cardiopulmonary bypass; DDAVP: desmopressin; FFP: fresh-frozen plasma; MUF: modiﬁed ultraﬁltration; PRBC:
packed red blood cells; RAP: retrograde autologous priming; rFVIIa: recombinant factor VIIa.

data, are derived from non-European countries. National
regulations for the processing and leucodepletion of PRBCs
differ among countries, and it is therefore unclear whether
non-European data can be translated to the setting of European
patients. We hope that the current guidelines represent a
further step towards the establishment of a European standard
for the quality of blood products, a European haemovigilance
database and European standards for PBM.
Conﬂict of interest: 2014–2017: Umberto Benedetto, Daniel
Bolliger, Andreas Koster, Michael Meesters, Domenico Pagano,
Hanne Berg Ravn, Alexander Wahba, Milan Milojevic and
Ruben Osnabrugge have nothing to disclose. Christa Boer
attended consultancy meetings (Nordic Pharma) and received
speaker’s honoraria from LivaNova Group and Medtronic, Inc.
Christian von Heymann received honoraria for lectures or
consultancy work and travel reimbursements unrelated to his
topic in this guideline from Bayer AG, Boehringer lngelheim,
Pﬁzer GmbH, Bristol Myers Squibb, Daiichi Sankyo, CSL
Behring, Shire, Novo Nordisk, Ferring, Nordic Pharma, Mylan
Healthcare GmbH, Sanoﬁ-Aventis and HICC GbR during the
last 3 years. Anders Jeppsson was a consultant for AstraZeneca,
Boeringer-Ingelheim, XVIVO Perfusion, and LFB Corporation,
and received speaker honoraria from AstraZeneca, CSL Behring, Roche Diagnostics, Triolab AB and Octapharma. Marco
Ranucci was a consultant for LivaNova Group and received
speaker’s honoraria from Medtronic, Roche Diagnostics, TEM
International, Vifor Pharma, Edwards Life Sciences, CSL
Behring and Grifols. Alexander B.A. Vonk attended consultancy meetings (Nordic Pharma).
References
1 Karkouti K, Wijeysundera DN, Yau TM, Beattie WS, Abdelnaem E,
McCluskey SA, et al. The independent association of massive blood loss
with mortality in cardiac surgery. Transfusion 2004;44:1453–62.

Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

2 Ranucci M, Bozzetti G, Ditta A, Cotza M, Carboni G, Ballotta A. Surgical
reexploration after cardiac operations: why a worse outcome? Ann Thorac
Surg 2008;86:1557–62.
3 Paone G, Likosky DS, Brewer R, Theurer PF, Bell GF, Cogan CM, et al.
Transfusion of 1 and 2 units of red blood cells is associated with
increased morbidity and mortality. Ann Thorac Surg 2014;97:
87–93; discussion 93–4.
4 Frojd V, Jeppsson A. Reexploration for bleeding and its association with
mortality after cardiac surgery. Ann Thorac Surg 2016;102:109–17.
5 Ndrepepa G, Schuster T, Hadamitzky M, Byrne RA, Mehilli J, Neumann
FJ, et al. Validation of the Bleeding Academic Research Consortium
deﬁnition of bleeding in patients with coronary artery disease undergoing
percutaneous coronary intervention. Circulation 2012;125:1424–31.
6 Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, et al.
Standardized bleeding deﬁnitions for cardiovascular clinical trials. A
Consensus Report from the Bleeding Academic Research Consortium.
Circulation 2011;123:2736–47.
7 Alghamdi AA, Davis A, Brister S, Corey P, Logan A. Development and
validation of Transfusion Risk Understanding Scoring Tool (TRUST) to
stratify cardiac surgery patients according to their blood transfusion needs.
Transfusion 2006;46:1120–9.
8 Ranucci M, Aronson S, Dietrich W, Dyke CM, Hofmann A, Karkouti K,
et al. Patient blood management during cardiac surgery: do we have
enough evidence for clinical practice? J Thorac Cardiovasc Surg 2011;142:
249.e1–32.
9 Ferraris VA, Brown JR, Despotis GJ, Hammon JW, Reece TB, Saha SP,
et al. 2011 update to the Society of Thoracic Surgeons and the Society of
Cardiovascular Anesthesiologists blood conservation clinical practice
guidelines. Ann Thorac Surg 2011;91:944–82.
10 Goudie R, Sterne JAC, Verheyden V, Bhabra M, Ranucci M, Murphy GJ,
et al. Risk scores to facilitate preoperative prediction of transfusion and
large volume blood transfusion associated with adult cardiac surgery. Br J
Anaesth 2015;114:757–66.
11 Vuylsteke A, Pagel C, Gerrard C, Reddy B, Nashef S, Aldam P, et al. The
Papworth Bleeding Risk Score: a stratiﬁcation scheme for identifying
cardiac surgery patients at risk of excessive early postoperative bleeding.
Eur J Cardiothorac Surg 2011;39:924–30.
12 Karkouti K, O’Farrell R, Yau TM, Beattie WS; Reducing Bleeding in
Cardiac Surgery Research Group. Prediction of massive blood transfusion
in cardiac surgery. Can J Anesth 2006;53:781–94.
13 Al-Khabori M, Al-Riyami AZ, Mukaddirov M, Al-Sabti H. Transfusion
indication predictive score: a proposed risk stratiﬁcation score for

26

14

15

16

17

18

19
20

21

22

23

24

25

26

27

28

29

30

C. Boer et al. / Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]
perioperative red blood cell transfusion in cardiac surgery. Vox Sang
2014;107:269–75.
Biancari F, Brascia D, Onorati F, Reichart D, Perrotti A, Ruggieri VG,
et al. Prediction of severe bleeding after coronary surgery: the WILLBLEED Risk Score. Thromb Haemost 2017;117:445–56.
Ranucci M, Castelvecchio S, Frigiola A, Scolletta S, Giomarelli P. Biagioli
Predicting transfusions in cardiac surgery: the easier, the better: the
Transfusion Risk and Clinical Knowledge score. Vox Sang 2009;96:
324–32.
Kozek-Langenecker SA, Ahmed AB, Afshari A, Albaladejo P, Aldecoa C,
Barauskas G, et al. Management of severe perioperative bleeding: guidelines from the European Society of Anaesthesiology: ﬁrst update 2016. Eur
J Anaesthesiol 2017;34:332–95.
American Society of Anesthesiologists Task Force on Perioperative Blood
Management. Practice guidelines for perioperative blood management: an
updated report by the American Society of Anesthesiologists Task Force
on Perioperative Blood Management. Anesthesiology 2015;122:241–75.
Sousa-Uva M, Head SJ, Thielmann M, Cardillo G, Benedetto U, Czerny
M, et al. Methodology manual for European Association for Cardio
Thoracic Surgery (EACTS) clinical guidelines. Eur J Cardiothorac Surg
2015;48:809–16.
Cantrill JA, Sibbald B, Buetow S. The Delphi and nominal group
techniques in health services research. Int J Pharm Pract 1996;4:67–74.
Mahla E, Suarez TA, Bliden KP, Rehak P, Metzler H, Sequeira AJ, et al.
Platelet function measurement-based strategy to reduce bleeding and
waiting time in clopidogrel-treated patients undergoing coronary artery
bypass graft surgery: the timing based on platelet function strategy to
reduce clopidogrel-associated bleeding related to CABG (TARGETCABG) study. Circ Cardiovasc Interv 2012;5:261–9.
Malm CJ, Hansson EC, Akesson J, Andersson M, Hesse C, Shams Hakimi
C, et al. Preoperative platelet function predicts perioperative bleeding
complications in ticagrelor-treated cardiac surgery patients: a prospective
observational study. Br J Anaesth 2016;117:309–15.
Mahla E, Prueller F, Farzi S, Pregartner G, Raggam RB, Beran E, et al.
Does platelet reactivity predict bleeding in patients needing urgent
coronary artery bypass grafting during dual antiplatelet therapy?. Ann
Thorac Surg 2016;102:2010–7.
Blome M, Isgro F, Kiessling AH, Skuras J, Haubelt H, Hellstern P, et al.
Relationship between factor XIII activity, ﬁbrinogen, haemostasis screening tests and postoperative bleeding in cardiopulmonary bypass surgery.
Thromb Haemost 2005;93:1101–7.
Bosch Y, Al Dieri R, ten Cate H, Nelemans P, Bloemen S, Hemker C,
et al. Preoperative thrombin generation is predictive for the risk of blood
loss after cardiac surgery: a research article. J Cardiothorac Surg 2013;8:
154.
Karlsson M, Ternstrom L, Hyllner M, Baghaei F, Nilsson S, Jeppsson A.
Plasma ﬁbrinogen level, bleeding, and transfusion after on-pump coronary
artery bypass grafting surgery: a prospective observational study. Transfusion 2008;48:2152–8.
Ranucci M, Jeppsson A, Baryshnikova E. Pre-operative ﬁbrinogen
supplementation in cardiac surgery patients: an evaluation of different
trigger values. Acta Anaesthesiol Scand 2015;59:427–33.
Walden K, Jeppsson A, Nasic S, Backlund E, Karlsson M. Low
preoperative ﬁbrinogen plasma concentration is associated with excessive
bleeding after cardiac operations. Ann Thorac Surg 2014;97:1199–206.
Gielen C, Dekkers O, Stijnen T, Schoones J, Brand A, Klautz R, et al. The
effects of pre- and postoperative ﬁbrinogen levels on blood loss after
cardiac surgery: a systematic review and meta-analysis. Interact CardioVasc Thorac Surg 2014;18:292–8.
Coakley M, Hall JE, Evans C, Duff E, Billing V, Yang L, et al.
Assessment of thrombin generation measured before and after cardiopulmonary by-pass surgery and its association with postoperative bleeding. J
Thromb Haemost 2011;9:282–92.
Reinhöfer M, Brauer M, Franke U, Barz D, Marx G, Lösche W. The value
of rotation thromboelastometry to monitor disturbed perioperative haemostasis and bleeding risk in patients with cardiopulmonary bypass. Blood
Coagul Fibrinolysis 2008;19:212–9.

Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

31 Petricevic M, Biocina B, Milicic D, Konosic S, Svetina L, Lekic A, et al.
Bleeding risk assessment using whole blood impedance aggregometry and
rotational thromboelastometry in patients following cardiac surgery. J
Thromb Thrombolysis 2013;36:514–26.
32 Ranucci M, Baryshnikova E, Soro G, Ballotta A, De Benedetti D, Conti D.
Multiple electrode whole-blood aggregometry and bleeding in cardiac
surgery patients receiving thienopyridines. Ann Thorac Surg 2011;91:
123–9.
33 Ranucci M, Colella D, Baryshnikova E, Di Dedda U, Hemmings HC.
Surgical, Clinical Outcome Research Group. Effect of preoperative P2Y12
and thrombin platelet receptor inhibition on bleeding after cardiac surgery.
Br J Anaesth 2014;113:970–6.
34 Mangano DT, Multicenter Study of Perioperative Ischemia Research
Group. Aspirin and mortality from coronary bypass surgery. N Engl J
Med 2002;347:1309–17.
35 Musleh G, Dunning J. Does aspirin 6 h after coronary artery bypass
grafting optimise graft patency? Interact CardioVasc Thorac Surg 2003;2:
413–5.
36 Smith PK, Goodnough LT, Levy JH, Poston RS, Short MA, Weerakkody
GJ, et al. Mortality beneﬁt with prasugrel in the TRITON-TIMI 38 coronary artery bypass grafting cohort: risk-adjusted retrospective data analysis. J Am Coll Cardiol 2012;60:388–96.
37 Hansson EC, Jideus L, Aberg B, Bjursten H, Dreifaldt M, Holmgren A,
et al. Coronary artery bypass grafting-related bleeding complications in
patients treated with ticagrelor or clopidogrel: a nationwide study. Eur
Heart J 2016;37:189–97.
38 Gherli R, Mariscalco G, Dalen M, Onorati F, Perrotti A, Chocron S, et al.
Safety of preoperative use of ticagrelor with or without aspirin compared
with aspirin alone in patients with acute coronary syndromes undergoing
coronary artery bypass grafting. JAMA Cardiol 2016;1:921–8.
39 Douketis JD, Spyropoulos AC, Kaatz S, Becker RC, Caprini JA, Dunn AS,
et al. Perioperative bridging anticoagulation in patients with atrial ﬁbrillation. N Engl J Med 2015;373:823–33.
40 O’Donnell MJ, Kearon C, Johnson J, Robinson M, Zondag M, Turpie I,
et al. Brief communication: preoperative anticoagulant activity after
bridging low-molecular-weight heparin for temporary interruption of
warfarin. Ann Intern Med 2007;146:184–7.
41 Medalion B, Frenkel G, Patachenko P, Hauptman E, Sasson L, Schachner
A. Preoperative use of enoxaparin is not a risk factor for postoperative
bleeding after coronary artery bypass surgery. J Thorac Cardiovasc Surg
2003;126:1875–9.
42 Landenhed M, Johansson M, Erlinge D, Olsson ML, Bjursten H.
Fondaparinux or enoxaparin: a comparative study of postoperative bleeding in coronary artery bypass grafting surgery. Scand Cardiovasc J
2010;44:100–6.
43 Spyropoulos AC, Turpie AG, Dunn AS, Spandorfer J, Douketis J,
Jacobson A, et al. Clinical outcomes with unfractionated heparin or lowmolecular-weight heparin as bridging therapy in patients on long-term oral
anticoagulants: the REGIMEN registry. J Thromb Haemost 2006;4:
1246–52.
44 Jones HU, Muhlestein JB, Jones KW, Bair TL, Lavasani F, Sohrevardi M,
et al. Preoperative use of enoxaparin compared with unfractionated heparin
increases the incidence of re-exploration for postoperative bleeding after
open-heart surgery in patients who present with an acute coronary
syndrome: clinical investigation and reports. Circulation 2002;106(12
Suppl 1):I19–22.
45 Spyropoulos AC, Turpie AG, Dunn AS, Kaatz S, Douketis J, Jacobson A,
et al. Perioperative bridging therapy with unfractionated heparin or lowmolecular-weight heparin in patients with mechanical prosthetic heart
valves on long-term oral anticoagulants (from the REGIMEN Registry).
Am J Cardiol 2008;102:883–9.
46 Douketis JD, Johnson JA, Turpie AG. Low-molecular-weight heparin as
bridging anticoagulation during interruption of warfarin: assessment of a
standardized periprocedural anticoagulation regimen. Arch Intern Med
2004;164:1319–26.
47 Antithrombotic Trialists Collaboration. Collaborative meta-analysis of
randomised trials of antiplatelet therapy for prevention of death,

C. Boer et al. / Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]

48
49

50

51

52

53

54

55

56

57

58

59

60
61

62

63

64

65

myocardial infarction, and stroke in high risk patients. Br Med J 2002;324:
71–86.
Hastings S, Myles P, McIlroy D. Aspirin and coronary artery surgery: a
systematic review and meta-analysis. Br J Anaesth 2015;115:376–85.
Sun JC, Whitlock R, Cheng J, Eikelboom JW, Thabane L, Crowther MA,
et al. 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. Eur Heart J
2008;29:1057–71.
Myles PS, Smith JA, Forbes A, Silbert B, Jayarajah M, Painter T, et al.
Stopping vs. continuing aspirin before coronary artery surgery. N Engl J
Med 2016;374:728–37.
Deja MA, Kargul T, Domaradzki W, Sta˛cel T, Mazur W, Wojakowski W.
Effects of preoperative aspirin in coronary artery bypass grafting: a doubleblind, placebo-controlled, randomized trial. J Thorac Cardiovasc Surg
2012;144:204–9.
Morawski W, Sanak M, Cisowski M, Szczeklik M, Szczeklik W, Dropinski
J, et al. Prediction of the excessive perioperative bleeding in patients
undergoing coronary artery bypass grafting: role of aspirin and platelet
glycoprotein IIIa polymorphism. J Thorac Cardiovasc Surg 2005;130:791–6.
Hansson EC, Shams Hakimi C, Astrom-Olsson K, Hesse C, Wallen H,
Dellborg M, et al. Effects of ex vivo platelet supplementation on platelet
aggregability in blood samples from patients treated with acetylsalicylic
acid, clopidogrel, or ticagrelor. Br J Anaesth 2014;112:570–5.
Martin AC, Berndt C, Calmette L, Philip I, Decouture B, Gaussem P, et al.
The effectiveness of platelet supplementation for the reversal of ticagrelorinduced inhibition of platelet aggregation: an in-vitro study. Eur J
Anaesthesiol 2016;33:361–7.
Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK. Effects
of clopidogrel in addition to aspirin in patients with acute coronary syndromes without ST-segment elevation. N Engl J Med 2001;345:494–502.
Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C,
et al. Ticagrelor versus clopidogrel in patients with acute coronary syndromes. N Engl J Med 2009;361:1045–57.
Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W,
Gottlieb S, et al. Prasugrel versus clopidogrel in patients with acute coronary syndromes. N Engl J Med 2007;357:2001–15.
Becker RC, Bassand JP, Budaj A, Wojdyla DM, James SK, Cornel JH,
et al. Bleeding complications with the P2Y12 receptor antagonists
clopidogrel and ticagrelor in the PLATelet inhibition and patient Outcomes
(PLATO) trial. Eur Heart J 2011;32:2933–44.
Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA, et al.
2016 ACC/AHA guideline focused update on duration of dual antiplatelet
therapy in patients with coronary artery disease. A Report of the American
College of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. J Am Coll Cardiol 2016;68:1082–115.
Qamar A, Bhatt DL. Current status of data on cangrelor. Pharmacol Ther
2016;159:102–9.
Fox KA, Mehta SR, Peters R, Zhao F, Lakkis N, Gersh BJ, et al. Beneﬁts
and risks of the combination of clopidogrel and aspirin in patients
undergoing surgical revascularization for non-ST-elevation acute coronary syndrome: the Clopidogrel in Unstable angina to prevent Recurrent
ischemic Events (CURE) Trial. Circulation 2004;110:1202–8.
Held C, Asenblad N, Bassand JP, Becker RC, Cannon CP, Claeys MJ,
et al. Ticagrelor versus clopidogrel in patients with acute coronary
syndromes undergoing coronary artery bypass surgery: results from the
PLATO (Platelet Inhibition and Patient Outcomes) trial. J Am Coll Cardiol
2011;57:672–84.
Tomsic A, Schotborgh MA, Manshanden JS, Li WW, de Mol BA. Coronary
artery bypass grafting-related bleeding complications in pa- tients treated
with dual antiplatelet treatment. Eur J Cardiothorac Surg 2016;50:849–56.
Pickard AS, Becker RC, Schumock GT, Frye CB. Clopidogrel-associated
bleeding and related complications in patients undergoing coronary artery
bypass grafting. Pharmacotherapy 2008;28:376–92.
Purkayastha S, Athanasiou T, Malinovski V, Tekkis P, Foale R, Casula R,
et al. Does clopidogrel affect outcome after coronary artery bypass
grafting? A meta-analysis. Heart 2006;92:531–2.

Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

27

66 Kolh P, Windecker S, Alfonso F, Collet JP, Cremer J, Falk V, et al. 2014
ESC/EACTS Guidelines on myocardial revascularization: the Task Force
on Myocardial Revascularization of the European Society of Cardiology
(ESC) and the European Association for Cardio-Thoracic Surgery
(EACTS). Developed with the special contribution of the European
Association of Percutaneous Cardiovascular Interventions (EAPCI). Eur
J Cardiothorac Surg 2014;46:517–92.
67 Ferraris VA, Saha SP, Oestreich JH, Song HK, Rosengart T, Reece TB,
et al. 2012 update to the Society of Thoracic Surgeons guideline on use of
antiplatelet drugs in patients having cardiac and noncardiac operations.
Ann Thorac Surg 2012;94:1761–81.
68 Wallentin L. P2Y(12) inhibitors: differences in properties and mechanisms of action and potential consequences for clinical use. Eur Heart J
2009;30:1964–77.
69 Gurbel PA, Bliden KP, Butler K, Tantry US, Gesheff T, Wei C, et al.
Randomized double-blind assessment of the ONSET and OFFSET of the
antiplatelet effects of ticagrelor versus clopidogrel in patients with stable
coronary artery disease: the ONSET/OFFSET study. Circulation 2009;120:
2577–85.
70 Storey RF, Bliden KP, Ecob R, Karunakaran A, Butler K, Wei C, et al.
Earlier recovery of platelet function after discontinuation of treatment with
ticagrelor compared with clopidogrel in patients with high antiplatelet
responses. J Thromb Haemost 2011;9:1730–7.
71 Kwak YL, Kim JC, Choi YS, Yoo KJ, Song Y, Shim JK. Clopidogrel
responsiveness regardless of the discontinuation date predicts increased
blood loss and transfusion requirement after off-pump coronary artery
bypass graft surgery. J Am Coll Cardiol 2010;56:1994–2002.
72 Savonitto S, D’Urbano M, Caracciolo M, Barlocco F, Mariani G, Nichelatti
M, et al. Urgent surgery in patients with a recently implanted coronary
drug-eluting stent: a phase II study of ‘bridging’ antiplatelet therapy with
tiroﬁban during temporary withdrawal of clopidogrel. Br J Anaesth
2010;104:285–91.
73 Patrono C, Coller B, FitzGerald GA, Hirsh J, Roth G. Platelet-active drugs:
the relationships among dose, effectiveness, and side effects: the Seventh
ACCP Conference on Antithrombotic and Thrombolytic Therapy. Chest
2004;126:234S–64S.
74 Dyke CM, Jennings LK, Maier G, Andreou C, Daly R, Tamberella MR.
Preoperative platelet inhibition with eptiﬁbatide during coronary artery
bypass grafting with cardiopulmonary bypass. J Cardiovasc Pharmacol
Ther 2007;12:54–60.
75 De Carlo M, Maselli D, Cortese B, Ciabatti N, Gistri R, Levantino M, et al.
Emergency coronary artery bypass grafting in patients with acute myocardial infarction treated with glycoprotein IIb/IIIa receptor inhibitors. Int J
Cardiol 2008;123:229–33.
76 Boeken U, Litmathe J, Kurt M, Feindt P, Gams E. CABG-procedures in
patients with pretreatment with the GPIIb/IIIa-receptor antagonist tiroﬁban (Aggrastat): modiﬁcation of perioperative management? Int J Cardiol
2008;127:257–9.
77 Kincaid EH, Monroe ML, Saliba DL, Kon ND, Byerly WG, Reichert MG.
Effects of preoperative enoxaparin versus unfractionated heparin on
bleeding indices in patients undergoing coronary artery bypass grafting.
Ann Thorac Surg 2003;76:124–8; discussion 8.
78 Ashikhmina E, Tomasello N, Connors JM, Jahanyar J, Davidson M,
Mizuguchi KA. Type A aortic dissection in a patient on dabigatran:
hemostasis post circulatory arrest. Ann Thorac Surg 2014;98:2215–6.
79 Stein P, Bosshart M, Brand B, Schlicker A, Spahn DR, Bettex D.
Dabigatran anticoagulation and Stanford type A aortic dissection: lethal
coincidence: case report with literature review. Acta Anaesthesiol Scand
2014;58:630–7.
80 Crapelli GB, Bianchi P, Isgro G, Biondi A, de Vincentiis C, Ranucci M. A
case of fatal bleeding following emergency surgery on an ascending aorta
intramural hematoma in a patient taking dabigatran. J Cardiothorac Vasc
Anesth 2016;30:1027–31.
81 Weltert L, Rondinelli B, Bello R, Falco M, Bellisario A, Maselli D, et al. A
single dose of erythropoietin reduces perioperative transfusions in cardiac
surgery: results of a prospective single-blind randomized controlled trial.
Transfusion 2015;55:1644–54.

28

C. Boer et al. / Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]

82 Weltert L, D’Alessandro S, Nardella S, Girola F, Bellisario A, Maselli D,
et al. Preoperative very short-term, high-dose erythropoietin administration diminishes blood transfusion rate in off-pump coronary artery
bypass: a randomized blind controlled study. J Thorac Cardiovasc Surg
2010;139:621–6; discussion 6–7.
83 Yoo YC, Shim JK, Kim JC, Jo YY, Lee JH, Kwak YL. Effect of single
recombinant human erythropoietin injection on transfusion requirements in
preoperatively anemic patients undergoing valvular heart surgery. Anesthesiology 2011;115:929–37.
84 Hogan M, Klein AA, Richards T. The impact of anaemia and intravenous
iron replacement therapy on outcomes in cardiac surgery. Eur J Cardiothorac Surg 2015;47:218–26.
85 Matsuda S, Fukui T, Shimizu J, Takao A, Takanashi S, Tomoike H.
Associations between preoperative anemia and outcomes after off-pump
coronary artery bypass grafting. Ann Thorac Surg 2013;95:854–60.
86 Zhang L, Hiebert B, Zarychanski R, Arora RC; Cardiovascular Health
Research in Manitoba Investigator Group. Preoperative anemia does not
increase the risks of early surgical revascularization after myocardial
infarction. Ann Thorac Surg 2013;95:542–7.
87 Cutrell JB, Barros N, McBroom M, Luby J, Minhajuddin A, Ring WS,
et al. Risk factors for deep sternal wound infection after cardiac surgery:
inﬂuence of red blood cell transfusions and chronic infection. Am J Infect
Control 2016;44:1302–9.
88 Engoren M, Schwann TA, Habib RH, Neill SN, Vance JL, Likosky DS.
The independent effects of anemia and transfusion on mortality after
coronary artery bypass. Ann Thorac Surg 2014;97:514–20.
89 von Heymann C, Kaufner L, Sander M, Spies C, Schmidt K, Gombotz H,
et al. Does the severity of preoperative anemia or blood transfusion have a
stronger impact on long-term survival after cardiac surgery? J Thorac
Cardiovasc Surg 2016;152:1412–20.
90 Garrido-Martin P, Nassar-Mansur MI, de la Llana-Ducros R, Virgos-Aller
TM, Rodriguez Fortunez PM, Avalos-Pinto R, et al. The effect of intravenous and oral iron administration on perioperative anaemia and transfusion
requirements in patients undergoing elective cardiac surgery: a randomized
clinical trial. Interact CardioVasc Thorac Surg 2012;15:1013–8.
91 Johansson PI, Rasmussen AS, Thomsen LL. Intravenous iron isomaltoside
1000 (Monofer(R)) reduces postoperative anaemia in preoperatively nonanaemic patients undergoing elective or subacute coronary artery bypass
graft, valve replacement or a combination thereof: a randomized doubleblind placebo-controlled clinical trial (the PROTECT trial). Vox Sang
2015;109:257–66.
92 Kulier A, Levin J, Moser R, Rumpold-Seitlinger G, Tudor IC, Snyder-Ramos
SA, et al. Impact of preoperative anemia on outcome in patients undergoing
coronary artery bypass graft surgery. Circulation 2007;116:471–9.
93 Karkouti K, Wijeysundera DN, Beattie WS; Reducing Bleeding in Cardiac
Surgery Investigators. Risk associated with preoperative anemia in cardiac
surgery: a multicenter cohort study. Circulation 2008;117:478–84.
94 Kozek-Langenecker SA, Afshari A, Albaladejo P, Santullano CA, De
Robertis E, Filipescu DC, et al. Management of severe perioperative
bleeding: guidelines from the European Society of Anaesthesiology. Eur J
Anaesthesiol 2013;30:270–382.
95 Menkis AH, Martin J, Cheng DC, Fitzgerald DC, Freedman JJ, Gao C,
et al. Drug, devices, technologies, and techniques for blood management in
minimally invasive and conventional cardiothoracic surgery: a consensus
statement from the International Society for Minimally Invasive Cardiothoracic Surgery (ISMICS) 2011. Innovations (Phila) 2012;7:229–41.
96 Karkouti K, Wijeysundera DN, Yau TM, McCluskey SA, Chan CT, Wong
PY, et al. Advance targeted transfusion in anemic cardiac surgical patients
for kidney protection: an unblinded randomized pilot clinical trial.
Anesthesiology 2012;116:613–21.
97 Deppe AC, Arbash W, Kuhn EW, Slottosch I, Scherner M, Liakopoulos
OJ, et al. Current evidence of coronary artery bypass grafting off-pump
versus on-pump: a systematic review with meta-analysis of over 16, 900
patients investigated in randomized controlled trialsdagger. Eur J Cardiothorac Surg 2016;49:1031–41; discussion 41.
98 Puskas JD, Martin J, Cheng DC, Benussi S, Bonatti JO, Diegeler A, et al.
ISMICS consensus conference and statements of randomized controlled

Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

trials of off-pump versus conventional coronary artery bypass surgery.
Innovations (Phila) 2015;10:219–29.
99 Anastasiadis K, Antonitsis P, Haidich AB, Argiriadou H, Deliopoulos A,
Papakonstantinou C. Use of minimal extracorporeal circulation improves
outcome after heart surgery; a systematic review and meta-analysis of
randomized controlled trials. Int J Cardiol 2013;164:158–69.
100 Harling L, Warren OJ, Martin A, Kemp PR, Evans PC, Darzi A, et al. Do
miniaturized extracorporeal circuits confer signiﬁcant clinical beneﬁt
without compromising safety? A meta-analysis of randomized controlled
trials. ASAIO J 2011;57:141–51.
101 Sundermann SH, Sromicki J, Rodriguez Cetina Biefer H, Seifert B,
Holubec T, Falk V, et al. Mitral valve surgery: right lateral minithoracotomy or sternotomy? A systematic review and meta-analysis. J Thorac
Cardiovasc Surg 2014;148:1989–95. e4.
102 Falk V, Cheng DC, Martin J, Diegeler A, Folliguet TA, Nifong LW, et al.
Minimally invasive versus open mitral valve surgery: a consensus
statement of the international society of minimally invasive coronary
surgery (ISMICS) 2010. Innovations (Phila) 2011;6:66–76.
103 Phan K, Xie A, Di Eusanio M, Yan TD. A meta-analysis of minimally
invasive versus conventional sternotomy for aortic valve replacement.
Ann Thorac Surg 2014;98:1499–511.
104 Tavilla G, Bruggemans EF, Gielen CL, Brand A, van den Hout WB,
Klautz RJ, et al. Multicentre randomized clinical trial to investigate the
costeffectiveness of an allogeneic single-donor ﬁbrin sealant after
coronary artery bypass grafting (FIBER Study). Br J Surg 2015;102:
1338–47.
105 Lamy A, Devereaux PJ, Prabhakaran D, Taggart DP, Hu S, Paolasso E,
et al. Off-pump or on-pump coronary-artery bypass grafting at 30 days. N
Engl J Med 2012;366:1489–97.
106 Diegeler A, Borgermann J, Kappert U, Breuer M, Boning A, Ursulescu
A, et al. Off-pump versus on-pump coronary-artery bypass grafting in
elderly patients. N Engl J Med 2013;368:1189–98.
107 Anastasiadis K, Murkin J, Antonitsis P, Bauer A, Ranucci M, Gygax E,
et al. Use of minimal invasive extracorporeal circulation in cardiac
surgery: principles, deﬁnitions and potential beneﬁts. A position paper
from the Minimal invasive Extra-Corporeal Technologies international
Society (MiECTiS). Interact CardioVasc Thorac Surg 2016;22:
647–62.
108 Carless PA, Henry DA, Anthony DM. Fibrin sealant use for minimizing
peri-operative allogeneic blood transfusion. Cochrane Database Syst Rev
2003;2:CD004171.
109 Abrishami A, Chung F, Wong J. Topical application of antiﬁbrinolytic
drugs for on-pump cardiac surgery: a systematic review and metaanalysis. Can J Anaesth 2009;56:202–12.
110 Ker K, Beecher D, Roberts I. Topical application of tranexamic acid for
the reduction of bleeding. Cochrane Database Syst Rev 2013;7:D010562.
111 Gurian DB, Meneghini A, Abreu LC, Murad N, Matos LL, Pires AC,
et al. A randomized trial of the topical effect of antiﬁbrinolytic epsilon
aminocaproic Acid on coronary artery bypass surgery without cardiopulmonary bypass. Clin Appl Thromb Hemost 2014;20:615–20.
112 Casalino S, Stelian E, Novelli E, De Jong A, Renzi L, Arellano F, et al.
Reduced transfusion requirements with a closed cardiopulmonary bypass
system. J Cardiovasc Surg (Torino) 2008;49:363–9.
113 Nakahira A, Sasaki Y, Hirai H, Matsuo M, Morisaki A, Suehiro S, et al.
Cardiotomy suction, but not open venous reservoirs, activates coaguloﬁbrinolysis in coronary artery surgery. J Thorac Cardiovasc Surg
2011;141:1289–97.
114 Ranucci M, Balduini A, Ditta A, Boncilli A, Brozzi S. A systematic
review of biocompatible cardiopulmonary bypass circuits and clinical
outcome. Ann Thorac Surg 2009;87:1311–9.
115 Landis RC, Brown JR, Fitzgerald D, Likosky DS, Shore-Lesserson L,
Baker RA, et al. Attenuating the systemic inﬂammatory response to adult
cardiopulmonary bypass: a critical review of the evidence base. J Extra
Corpor Technol 2014;46:197–211.
116 Mahmood S, Bilal H, Zaman M, Tang A. Is a fully heparin-bonded cardiopulmonary bypass circuit superior to a standard cardiopulmonary
bypass circuit?. Interact CardioVasc Thorac Surg 2012;14:406–14.

C. Boer et al. / Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]
117 Carless PA, Henry DA, Moxey AJ, O’Connell D, Brown T, Fergusson
DA. Cell salvage for minimising perioperative allogeneic blood transfusion. Cochrane Database Syst Rev 2010;4:CD001888.
118 Vermeijden WJ, Hagenaars JA, Scheeren TW, de Vries AJ. Additional
postoperative cell salvage of shed mediastinal blood in cardiac surgery
does not reduce allogeneic blood transfusions: a cohort study. Perfusion
2016;31:384–90.
119 Vonk AB, Meesters MI, Garnier RP, Romijn JW, van Barneveld LJ,
Heymans MW, et al. Intraoperative cell salvage is associated with
reduced postoperative blood loss and transfusion requirements in cardiac
surgery: a cohort study. Transfusion 2013;53:2782–9.
120 Zakkar M, Guida G, Angelini GD. Modiﬁed ultraﬁltration in adult
patients undergoing cardiac surgery. Interact CardioVasc Thorac Surg
2015;20:415–21.
121 Boodhwani M, Williams K, Babaev A, Gill G, Saleem N, Rubens FD.
Ultraﬁltration reduces blood transfusions following cardiac surgery: a
meta-analysis. Eur J Cardiothorac Surg 2006;30:892–7.
122 Luciani GB, Menon T, Vecchi B, Auriemma S, Mazzucco A. Modiﬁed
ultraﬁltration reduces morbidity after adult cardiac operations: a prospective, randomized clinical trial. Circulation 2001;104:I253–9.
123 Sun P, Ji B, Sun Y, Zhu X, Liu J, Long C, et al. Effects of retrograde
autologous priming on blood transfusion and clinical outcomes in adults:
a meta-analysis. Perfusion 2013;28:238–43.
124 Saczkowski R, Bernier PL, Tchervenkov CI, Arellano R. Retrograde
autologous priming and allogeneic blood transfusions: a meta-analysis.
Interact CardioVasc Thorac Surg 2009;8:373–6.
125 Vandewiele K, Bove T, De Somer FM, Dujardin D, Vanackere M, De
Smet D, et al. The effect of retrograde autologous priming volume on
haemodilution and transfusion requirements during cardiac surgery.
Interact CardioVasc Thorac Surg 2013;16:778–83.
126 Ranucci M, Baryshnikova E, Simeone F, Ranucci M, Scolletta S.
Moderate-degree acidosis is an independent determinant of postoperative
bleeding in cardiac surgery. Minerva Anestesiol 2015;81:885–93.
127 Lee BR, Song JW, Kwak YL, Yoo KJ, Shim JK. The inﬂuence of
hypothermia on transfusion requirement in patients who received
clopidogrel in proximity to off-pump coronary bypass surgery. Yonsei
Med J 2014;55:224–31.
128 El-Sabbagh AM, Toomasian CJ, Toomasian JM, Ulysse G, Major T,
Bartlett RH. Effect of air exposure and suction on blood cell activation
and hemolysis in an in vitro cardiotomy suction model. ASAIO J
2013;59:474–9.
129 Murphy GS, Hessel 2nd EA, Groom RC. Optimal perfusion during cardiopulmonary bypass: an evidence-based approach. Anesth Analg
2009;108:1394–417.
130 Lindholm L, Westerberg M, Bengtsson A, Ekroth R, Jensen E, Jeppsson
A. A closed perfusion system with heparin coating and centrifugal pump
improves cardiopulmonary bypass biocompatibility in elderly patients.
Ann Thorac Surg 2004;78:2131–8; discussion 8.
131 Mirow N, Zittermann A, Koertke H, Maleszka A, Knobl H, Coskun T,
et al. Heparin-coated extracorporeal circulation in combination with low
dose systemic heparinization reduces early postoperative blood loss in
cardiac surgery. J Cardiovasc Surg (Torino) 2008;49:277–84.
132 Paparella D, Scrascia G, Rotunno C, Marraudino N, Guida P, De Palo M,
et al. A biocompatible cardiopulmonary bypass strategy to reduce
hemostatic and inﬂammatory alterations: a randomized controlled trial.
J Cardiothorac Vasc Anesth 2012;26:557–62.
133 Lorusso R, De Cicco G, Totaro P, Gelsomino S. Effects of phosphorylcholine coating on extracorporeal circulation management and postoperative outcome: a double-blind randomized study. Interact CardioVasc
Thorac Surg 2008;8:7–11.
134 Marguerite S, Levy F, Quessard A, Dupeyron JP, Gros C, Steib A. Impact
of a phosphorylcholine-coated cardiac bypass circuit on blood loss and
platelet function: a prospective, randomized study. J Extra Corpor
Technol 2012;44:5–9.
135 Hosoyama K, Ito K, Kawamoto S, Kumagai K, Akiyama M, Adachi O,
et al. Poly-2-methoxyethylacrylate-coated cardiopulmonary bypass circuit
can reduce transfusion of platelet products compared to heparincoated
circuit during aortic arch surgery. J Artif Organs 2016;19:233–40.
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

29

136 Thiara AS, Mollnes TE, Videm V, Andersen VY, Svennevig K, Kolset
SO, et al. Biocompatibility and pathways of initial complement pathway
activation with Phisioand PMEA-coated cardiopulmonary bypass circuits
during open-heart surgery. Perfusion 2011;26:107–14.
137 Carless PA, Henry DA, Moxey AJ, O’Connell DL, Brown T, Fergusson
DA. Cell salvage for minimising perioperative allogeneic blood transfusion. Cochrane Database Syst Rev 2006;4:CD001888.
138 Wang G, Bainbridge D, Martin J, Cheng D. The efﬁcacy of an
intraoperative cell saver during cardiac surgery: a meta-analysis of
randomized trials. Anesth Analg 2009;109:320–30.
139 Weltert L, Nardella S, Rondinelli MB, Pierelli L, De Paulis R. Reduction
of allogeneic red blood cell usage during cardiac surgery by an integrated
intraand postoperative blood salvage strategy: results of a randomized
comparison. Transfusion 2013;53:790–7.
140 Engels GE, van Klarenbosch J, Gu YJ, van Oeveren W, de Vries AJ.
Intraoperative cell salvage during cardiac surgery is associated with
reduced postoperative lung injury. Interact CardioVasc Thorac Surg
2016;22:298–304.
141 Gabel J, Westerberg M, Bengtsson A, Jeppsson A. Cell salvage of
cardiotomy suction blood improves the balance between proand antiinﬂammatory cytokines after cardiac surgery. Eur J Cardiothorac Surg
2013;44:506–11.
142 Damgaard S, Nielsen CH, Andersen LW, Bendtzen K, Tvede M,
Steinbruchel DA. Cell saver for on-pump coronary operations reduces
systemic inﬂammatory markers: a randomized trial. Ann Thorac Surg
2010;89:1511–7.
143 Jewell AE, Akowuah EF, Suvarna SK, Braidley P, Hopkinson D, Cooper
G. A prospective randomised comparison of cardiotomy suction and cell
saver for recycling shed blood during cardiac surgery. Eur J Cardiothorac
Surg 2003;23:633–6.
144 Rubens FD, Boodhwani M, Mesana T, Wozny D, Wells G, Nathan HJ.
The cardiotomy trial: a randomized, double-blind study to assess the
effect of processing of shed blood during cardiopulmonary bypass on
transfusion and neurocognitive function. Circulation 2007;116:I89–97.
145 Al-Khabori M, Al-Riyami AZ, Baskaran B, Siddiqi M, Al-Sabti H.
Discriminatory power of the intraoperative cell salvage use in the
prediction of platelet and plasma transfusion in patients undergoing
cardiac surgery. Transfus Apher Sci 2015;53:208–12.
146 Padhi S, Kemmis-Betty S, Rajesh S, Hill J, Murphy MF, Guideline
Development Group. Blood transfusion: summary of NICE guidance. Br
Med J 2015;351:h5832.
147 Liumbruno GM, Waters JH. Unwashed shed blood: should we transfuse
it?. Blood Transfus 2011;9:241–5.
148 Hou X, Yang F, Liu R, Yang J, Zhao Y, Wan C, et al. Retrograde
autologous priming of the cardiopulmonary bypass circuit reduces blood
transfusion in small adults: a prospective, randomized trial. Eur J
Anaesthesiol 2009;26:1061–6.
149 Nathan HJ, Parlea L, Dupuis JY, Hendry P, Williams KA, Rubens FD,
et al. Safety of deliberate intraoperative and postoperative hypothermia
for patients undergoing coronary artery surgery: a randomized trial. J
Thorac Cardiovasc Surg 2004;127:1270–5.
150 Vonk AB, Veerhoek D, van den Brom CE, van Barneveld LJ, Boer C.
Individualized heparin and protamine management improves rotational
thromboelastometric parameters and postoperative hemostasis in valve
surgery. J Cardiothorac Vasc Anesth 2014;28:235–41.
151 Noui N, Zogheib E, Walczak K, Werbrouck A, Amar AB, Dupont H,
et al. Anticoagulation monitoring during extracorporeal circulation with
the Hepcon/HMS device. Perfusion 2012;27:214–20.
152 Hoenicka M, Rupp P, Muller-Eising K, Deininger S, Kunert A,
Liebold A, et al. Anticoagulation management during multivessel
coronary artery bypass grafting: a randomized trial comparing individualized heparin management and conventional hemostasis management.
J Thromb Haemost 2015;13:1196–206.
153 Wang J, Ma HP, Zheng H. Blood loss after cardiopulmonary bypass,
standard vs titrated protamine: a meta-analysis. Neth J Med 2013;71:
123–7.
154 Meesters MI, Veerhoek D, de Lange F, de Vries JW, de Jong JR, Romijn
JW, et al. Effect of high or low protamine dosing on postoperative

30

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

C. Boer et al. / Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]
bleeding following heparin anticoagulation in cardiac surgery. A randomised clinical trial. Thromb Haemost 2016;116:251–61.
Avidan MS, Levy JH, Scholz J, Delphin E, Rosseel PM, Howie MB,
et al. A phase III, double-blind, placebo-controlled, multicenter study on
the efﬁcacy of recombinant human antithrombin in heparin-resistant
patients scheduled to undergo cardiac surgery necessitating cardiopulmonary bypass. Anesthesiology 2005;102:276–84.
Avidan MS, Levy JH, van Aken H, Feneck RO, Latimer RD, Ott E, et al.
Recombinant human antithrombin III restores heparin responsiveness and
decreases activation of coagulation in heparin-resistant patients during
cardiopulmonary bypass. J Thorac Cardiovasc Surg 2005;130:107–13.
Finley A, Greenberg C. Review article: heparin sensitivity and resistance:
management during cardiopulmonary bypass. Anesth Analg 2013;116:
1210–22.
Hofmann B, Bushnaq H, Kraus FB, Raspe C, Simm A, Silber RE, et al.
Immediate effects of individualized heparin and protamine management
on hemostatic activation and platelet function in adult patients undergoing
cardiac surgery with tranexamic acid antiﬁbrinolytic therapy. Perfusion
2013;28:412–8.
Aziz KA, Masood O, Hoschtitzky JA, Ronald A. Does use of the Hepcon
point-of-care coagulation monitor to optimise heparin and protamine
dosage for cardiopulmonary bypass decrease bleeding and blood and
blood product requirements in adult patients undergoing cardiac surgery?
Interact Cardio Vasc Thorac Surg 2006;5:469–82.
Pappalardo F, Franco A, Crescenzi G, De Simone F, Torracca L,
Zangrillo A. Anticoagulation management in patients undergoing open
heart surgery by activated clotting time and whole blood heparin
concentration. Perfusion 2006;21:285–90.
Avidan MS, Alcock EL, Da Fonseca J, Ponte J, Desai JB, Despotis GJ,
et al. Comparison of structured use of routine laboratory tests or nearpatient assessment with clinical judgement in the management of bleeding
after cardiac surgery. Br J Anaesth 2004;92:178–86.
Slight RD, Buell R, Nzewi OC, McClelland DB, Mankad PS. A
comparison of activated coagulation time-based techniques for anticoagulation during cardiac surgery with cardiopulmonary bypass. J
Cardiothorac Vasc Anesth 2008;22:47–52.
Radulovic V, Lafﬁn A, Hansson KM, Backlund E, Baghaei F, Jeppsson
A. Heparin and protamine titration does not improve haemostasis after
cardiac surgery: a prospective randomized study. PLoS One 2015;10:
e0130271.
Teoh KH, Young E, Blackall MH, Roberts RS, Hirsh J. Can extra
protamine eliminate heparin rebound following cardiopulmonary bypass
surgery? J Thorac Cardiovasc Surg 2004;128:211–9.
Koster A, Borgermann J, Gummert J, Rudloff M, Zittermann A, Schirmer
U. Protamine overdose and its impact on coagulation, bleeding, and
transfusions after cardiopulmonary bypass: results of a randomized
double-blind controlled pilot study. Clin Appl Thromb Hemost 2014;20:
290–5.
Slaughter TF, Mark JB, El-Moalem H, Hayward KA, Hilton AK,
Hodgins LP, et al. Hemostatic effects of antithrombin III supplementation
during cardiac surgery: results of a prospective randomized investigation.
Blood Coagul Fibrinolysis 2001;12:25–31.
Ranucci M, Baryshnikova E, Crapelli GB, Woodward MK, Paez A,
Pelissero G. Preoperative antithrombin supplementation in cardiac
surgery: a randomized controlled trial. J Thorac Cardiovasc Surg
2013;145:1393–9.
Linkins LA, Dans AL, Moores LK, Bona R, Davidson BL, Schulman S,
et al. Treatment and prevention of heparin-induced thrombocytopenia:
antithrombotic therapy and prevention of thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based Clinical Practice Guidelines.
Chest 2012;141:e495S–530.
Warkentin TE, Sheppard JA. Serological investigation of patients with a
previous history of heparin-induced thrombocytopenia who are reexposed
to heparin. Blood 2014;123:2485–93.
Lo GK, Sigouin CS, Warkentin TE. What is the potential for overdiagnosis of heparin-induced thrombocytopenia? Am J Hematol 2007;82:
1037–43.

Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

171 Smedira NG, Dyke CM, Koster A, Jurmann M, Bhatia DS, Hu T, et al.
Anticoagulation with bivalirudin for off-pump coronary artery bypass
grafting: the results of the EVOLUTION-OFF study. J Thorac Cardiovasc
Surg 2006;131:686–92.
172 Dyke CM, Aldea G, Koster A, Smedira N, Avery E, Aronson S, et al.
Off-pump coronary artery bypass with bivalirudin for patients with
heparininduced thrombocytopenia or antiplatelet factor four/heparin
antibodies. Ann Thorac Surg 2007;84:836–9.
173 Dyke CM, Smedira NG, Koster A, Aronson S, McCarthy 2nd HL,
Kirshner R, et al. A comparison of bivalirudin to heparin with protamine
reversal in patients undergoing cardiac surgery with cardiopulmonary
bypass: the EVOLUTION-ON study. J Thorac Cardiovasc Surg
2006;131:533–9.
174 Koster A, Dyke CM, Aldea G, Smedira NG, McCarthy 2nd HL, Aronson
S, et al. Bivalirudin during cardiopulmonary bypass in patients with
previous or acute heparin-induced thrombocytopenia and heparin antibodies: results of the CHOOSE-ON trial. Ann Thorac Surg 2007;83:
572–7.
175 Warkentin TE, Greinacher A, Koster A. Bivalirudin. Thromb Haemost
2008;99:830–9.
176 Palatianos G, Michalis A, Alivizatos P, Lacoumenda S, Geroulanos S,
Karabinis A, et al. Perioperative use of iloprost in cardiac surgery patients
diagnosed with heparin-induced thrombocytopenia-reactive antibodies or
with true HIT (HIT-reactive antibodies plus thrombocytopenia): an 11year experience. Am J Hematol 2015;90:608–17.
177 Koster A, Meyer O, Fischer T, Kukucka M, Krabatsch T, Bauer M, et al.
One-year experience with the platelet glycoprotein IIb/IIIa antagonist
tiroﬁban and heparin during cardiopulmonary bypass in patients with
heparin-induced thrombocytopenia type II. J Thorac Cardiovasc Surg
2001;122:1254–5.
178 Welsby IJ, Um J, Milano CA, Ortel TL, Arepally G. Plasmapheresis and
heparin reexposure as a management strategy for cardiac surgical patients
with heparin-induced thrombocytopenia. Anesth Analg 2010;110:30–5.
179 Warkentin TE, Sheppard JA, Chu FV, Kapoor A, Crowther MA, Gangji
A. Plasma exchange to remove HIT antibodies: dissociation between
enzyme-immunoassay and platelet activation test reactivities. Blood
2015;125:195–8.
180 Tran MH, Lin DM, Wilcox T, Schiro D, Cannesson M, Milliken J.
Effects of a multimodality blood conservation schema toward improvement of intraoperative hemoglobin levels and off-pump transfusions in
coronary artery bypass graft surgery. Transfusion 2014;54:2769–74.
181 Vretzakis G, Kleitsaki A, Stamoulis K, Bareka M, Georgopoulou S,
Karanikolas M, et al. Intra-operative intravenous ﬂuid restriction reduces
perioperative red blood cell transfusion in elective cardiac surgery,
especially in transfusion-prone patients: a prospective, randomized
controlled trial. J Cardiothorac Surg 2010;5:7.
182 Ranucci M, Conti D, Castelvecchio S, Menicanti L, Frigiola A, Ballotta
A, et al. Hematocrit on cardiopulmonary bypass and outcome after
coronary surgery in nontransfused patients. Ann Thorac Surg 2010;89:
11–7.
183 Martin K, Keller E, Gertler R, Tassani P, Wiesner G. Efﬁciency and
safety of preoperative autologous blood donation in cardiac surgery: a
matched-pair analysis in 432 patients. Eur J Cardiothorac Surg 2010;37:
1396–401.
184 Dietrich W, Thuermel K, Heyde S, Busley R, Berger K. Autologous
blood donation in cardiac surgery: reduction of allogeneic blood
transfusion and cost-effectiveness. J Cardiothorac Vasc Anesth 2005;19:
589–96.
185 Carless P, Moxey A, O’Connell D, Henry D. Autologous transfusion
techniques: a systematic review of their efﬁcacy. Transfus Med 2004;14:
123–44.
186 Barile L, Fominskiy E, Di Tomasso N, Alpizar Castro LE, Landoni G, De
Luca M, et al. Acute normovolemic hemodilution reduces allogeneic red
blood cell transfusion in cardiac surgery: a systematic review and
metaanalysis of randomized trials. Anesth Analg 2017;124:743–52.
187 Osawa EA, Rhodes A, Landoni G, Galas FR, Fukushima JT, Park CH,
et al. Effect of perioperative goal-directed hemodynamic resuscitation

C. Boer et al. / Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]

188

189

190

191

192

193

194
195

196

197

198

199

200

201

202

203

204

205

therapy on outcomes following cardiac surgery: a randomized clinical
trial and systematic review. Crit Care Med 2016;44:724–33.
Damen T, Reinsfelt B, Redfors B, Nygren A. Pressure-dependent changes
in haematocrit and plasma volume during anaesthesia, a randomised
clinical trial. Acta Anaesthesiol Scand 2016;60:560–8.
Goepfert MS, Richter HP, Zu Eulenburg C, Gruetzmacher J, Rafﬂenbeul
E, Roeher K, et al. Individually optimized hemodynamic therapy reduces
complications and length of stay in the intensive care unit: a prospective,
randomized controlled trial. Anesthesiology 2013;119:824–36.
Bethlehem I, Wierda K, Visser C, Jekel L, Koopmans M, Kuiper MA.
Inﬂuence of two colloidal extracorporeal primes on coagulation of cardiac
surgical patients: a prospectively randomized open-label pilot trial. J
Extra Corpor Technol 2014;46:293–9.
Cho J-E, Shim J-K, Song J-W, Song J-W, Lee H-W, Kim D-H, et al.
Effect of 6% hydroxyethyl starch 130/0.4 as a priming solution on
coagulation and inﬂammation following complex heart surgery. Yonsei
Med J 2014;55:625–34.
Kuitunen AH, Hynynen MJ, Vahtera E, Salmenpera MT. Hydroxyethyl
starch as a priming solution for cardiopulmonary bypass impairs
hemostasis after cardiac surgery. Anesth Analg 2004;98:291–7.
Schramko A, Suojaranta-Ylinen R, Niemi T, Pesonen E, Kuitunen A,
Raivio P, et al. The use of balanced HES 130/0.42 during complex
cardiac surgery; effect on blood coagulation and ﬂuid balance: a
randomized controlled trial. Perfusion 2015;30:224–32.
Kamra C, Beney A. Human albumin in extracorporeal prime: effect on
platelet function and bleeding. Perfusion 2013;28:536–40.
Van der Linden PJ, De Hert SG, Daper A, Trenchant A, Schmartz D,
Defrance P, et al. 3.5% urea-linked gelatin is as effective as 6% HES 200/
0.5 for volume management in cardiac surgery patients. Can J Anesth
2004;51:236–41.
Kasper SM, Meinert P, Kampe S, Gorg C, Geisen C, Mehlhorn U, et al.
Large-dose hydroxyethyl starch 130/0.4 does not increase blood loss and
transfusion requirements in coronary artery bypass surgery compared
with hydroxyethyl starch 200/0.5 at recommended doses. Anesthesiology
2003;99:42–7.
Gurbuz HA, Durukan AB, Salman N, Tavlasoglu M, Durukan E, Ucar
HI, et al. Hydroxyethyl starch 6%, 130/0.4 vs. a balanced crystalloid
solution in cardiopulmonary bypass priming: a randomized, prospective
study. J Cardiothorac Surg 2013;8:71.
Min JOS, Ramzisham ARM, Zamrin MD. Is 6% hydroxyethyl starch
130/0.4 safe in coronary artery bypass graft surgery? Asian Cardiovasc
Thorac Ann 2009;17:368–72.
Vanhoonacker J, Ongenae M, Vanoverschelde H, Donadoni R. Hydroxyethyl starch 130/0.4 versus modiﬁed ﬂuid gelatin for cardiopulmonary
bypass priming: the effects on postoperative bleeding and volume expansion needs after elective CABG. Acta Anaesthesiol Belg 2009;60:91–7.
Hecht-Dolnik M, Barkan H, Taharka A, Loftus J. Hetastarch increases the
risk of bleeding complications in patients after off-pump coronary bypass
surgery: a randomized clinical trial. J Thorac Cardiovasc Surg 2009;138:
703–11.
Van der Linden PJ, De Hert SG, Deraedt D, Cromheecke S, De Decker K,
De Paep R, et al. Hydroxyethyl starch 130/0.4 versus modiﬁed ﬂuid gelatin
for volume expansion in cardiac surgery patients: the effects on perioperative bleeding and transfusion needs. Anesth Analg 2005;101:629–34.
Skhirtladze K, Base EM, Lassnigg A, Kaider A, Linke S, Dworschak M,
et al. Comparison of the effects of albumin 5%, hydroxyethyl starch 130/
0.4 6%, and Ringer’s lactate on blood loss and coagulation after cardiac
surgery. Br J Anaesth 2014;112:255–64.
DeFoe GR, Ross CS, Olmstead EM, Surgenor SD, Fillinger MP, Groom
RC, et al. Lowest hematocrit on bypass and adverse outcomes associated
with coronary artery bypass grafting. Northern New England Cardiovascular Disease Study Group. Ann Thorac Surg 2001;71:769–76.
Lewis CE, Hiratzka LF, Woods SE, Hendy MP, Engel AM. Autologous
blood transfusion in elective cardiac valve operations. J Card Surg
2005;20:513–8.
Myles PS, Smith JA, Forbes A, Silbert B, Jayarajah M, Painter T, et al.
Tranexamic acid in patients undergoing coronary-artery surgery. N Engl J
Med 2017;376:136–48.

Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

31

206 Henry DA, Carless PA, Moxey AJ, O’Connell D, Stokes BJ, Fergusson
DA, et al. Anti-ﬁbrinolytic use for minimising perioperative allogeneic
blood transfusion. Cochrane Database Syst Rev 2011;3:CD001886.
207 Sedrakyan A, Treasure T, Elefteriades JA. Effect of aprotinin on clinical
outcomes in coronary artery bypass graft surgery: a systematic review and
meta-analysis of randomized clinical trials. J Thorac Cardiovasc Surg
2004;128:442–8.
208 Desborough M, Sandu R, Brunskill SJ, Doree C, Trivella M, Montedori
A, et al. Fresh frozen plasma for cardiovascular surgery. Cochrane
Database Syst Rev 2015;7:CD007614.
209 Stanworth SJ, Brunskill SJ, Hyde CJ, McClelland DB, Murphy MF. Is
fresh frozen plasma clinically effective? A systematic review of randomized controlled trials. Br J Haematol 2004;126:139–52.
210 Casbard AC, Williamson LM, Murphy MF, Rege K, Johnson T. The role
of prophylactic fresh frozen plasma in decreasing blood loss and
correcting coagulopathy in cardiac surgery. A systematic review. Anaesthesia 2004;59:550–8.
211 Demeyere R, Gillardin S, Arnout J, Strengers PF. Comparison of fresh
frozen plasma and prothrombin complex concentrate for the reversal of
oral anticoagulants in patients undergoing cardiopulmonary bypass
surgery: a randomized study. Vox Sang 2010;99:251–60.
212 Johansen M, Wikkelso A, Lunde J, Wetterslev J, Afshari A. Prothrombin
complex concentrate for reversal of vitamin K antagonist treatment in
bleeding and non-bleeding patients. Cochrane Database Syst Rev 2015;7:
CD010555.
213 Godje O, Gallmeier U, Schelian M, Grunewald M, Mair H. Coagulation
factor XIII reduces postoperative bleeding after coronary surgery with
extracorporeal circulation. Thorac Cardiovasc Surg 2006;54:26–33.
214 Karkouti K, von Heymann C, Jespersen CM, Korte W, Levy JH, Ranucci
M, et al. Efﬁcacy and safety of recombinant factor XIII on reducing blood
transfusions in cardiac surgery: a randomized, placebo-controlled, multicenter clinical trial. J Thorac Cardiovasc Surg 2013;146:927–39.
215 Bilecen S, de Groot JA, Kalkman CJ, Spanjersberg AJ, Brandon Bravo
Bruinsma GJ, Moons KG, et al. Effect of ﬁbrinogen concentrate on
intraoperative blood loss among patients with intraoperative bleeding
during high-risk cardiac surgery: a randomized clinical trial. JAMA
2017;317:738–47.
216 Wikkelso A, Lunde J, Johansen M, Stensballe J, Wetterslev J, Moller
AM, et al. Fibrinogen concentrate in bleeding patients. Cochrane
Database Syst Rev 2013;8:CD008864.
217 Fassl J, Matt P, Eckstein F, Filipovic M, Gregor M, Zenklusen U, et al.
Transfusion of allogeneic blood products in proximal aortic surgery with
hypothermic circulatory arrest: effect of thromboelastometry-guided
transfusion management. J Cardiothorac Vasc Anesth 2013;27:1181–8.
218 Bilecen S, Peelen LM, Kalkman CJ, Spanjersberg AJ, Moons KG,
Nierich AP. Fibrinogen concentrate therapy in complex cardiac surgery. J
Cardiothorac Vasc Anesth 2013;27:12–7.
219 Ortmann E, Besser MW, Sharples LD, Gerrard C, Berman M, Jenkins
DP, et al. An exploratory cohort study comparing prothrombin complex
concentrate and fresh frozen plasma for the treatment of coagulopathy
after complex cardiac surgery. Anesth Analg 2015;121:26–33.
220 Bolliger D, Gorlinger K, Tanaka KA. Pathophysiology and treatment of
coagulopathyin massive hemorrhage and hemodilution. Anesthesiology
2010;113:1205–19.
221 Bignami E, Cattaneo M, Crescenzi G, Ranucci M, Guarracino F, Cariello
C, et al. Desmopressin after cardiac surgery in bleeding patients. A
multicenter randomized trial. Acta Anaesthesiol Scand 2016;60:892–900.
222 Wademan BH, Galvin SD. Desmopressin for reducing postoperative
blood loss and transfusion requirements following cardiac surgery in
adults. Interact CardioVasc Thorac Surg 2014;18:360–70.
223 Gill R, Herbertson M, Vuylsteke A, Olsen PS, von Heymann C, Mythen
M, et al. Safety and efﬁcacy of recombinant activated factor VII: a
randomized placebo-controlled trial in the setting of bleeding after cardiac
surgery. Circulation 2009;120:21–7.
224 Simpson E, Lin Y, Stanworth S, Birchall J, Doree C, Hyde C.
Recombinant factor VIIa for the prevention and treatment of bleeding
in patients without haemophilia. Cochrane Database Syst Rev 2012;3.
CD005011.

32

C. Boer et al. / Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]

225 Adler Ma SC, Brindle W, Burton G, Gallacher S, Hong FC, Manelius I,
et al. Tranexamic acid is associated with less blood transfusion in
offpump coronary artery bypass graft surgery: a systematic review and
meta-analysis. J Cardiothorac Vasc Anesth 2011;25:26–35.
226 Ker K, Edwards P, Perel P, Shakur H, Roberts I. Effect of tranexamic
acid on surgical bleeding: systematic review and cumulative metaanalysis. Br Med J 2012;344:e3054.
227 Sharma V, Katznelson R, Jerath A, Garrido-Olivares L, Carroll J, Rao V,
et al. The association between tranexamic acid and convulsive seizures
after cardiac surgery: a multivariate analysis in 11 529 patients.
Anaesthesia 2014;69:124–30.
228 Koster A, Borgermann J, Zittermann A, Lueth JU, Gillis-Januszewski T,
Schirmer U. Moderate dosage of tranexamic acid during cardiac surgery
with cardiopulmonary bypass and convulsive seizures: incidence and
clinical outcome. Br J Anaesth 2013;110:34–40.
229 Karkouti K, Beattie WS, Dattilo KM, McCluskey SA, Ghannam M,
Hamdy A, et al. A propensity score case-control comparison of aprotinin
and tranexamic acid in high-transfusion-risk cardiac surgery. Transfusion
2006;46:327–38.
230 Mangano DT, Tudor IC, Dietzel C, Multicenter Study of Perioperative
Ischemia Research Group; Ischemia Research and Education Foundation.
The risk associated with aprotinin in cardiac surgery. N Engl J Med
2006;354:353–65.
231 Walkden GJ, Verheyden V, Goudie R, Murphy GJ. Increased perioperative mortality following aprotinin withdrawal: a real-world analysis of
blood management strategies in adult cardiac surgery. Intensive Care Med
2013;39:1808–17.
232 Howell N, Senanayake E, Freemantle N, Pagano D. Putting the record
straight on aprotinin as safe and effective: results from a mixed treatment
meta-analysis of trials of aprotinin. J Thorac Cardiovasc Surg 2013;145:
234–40.
233 Pagano D, Howell NJ, Freemantle N, Cunningham D, Bonser RS,
Graham TR, et al. Bleeding in cardiac surgery: the use of aprotinin does
not affect survival. J Thorac Cardiovasc Surg 2008;135:495–502.
234 Fergusson DA, Hebert PC, Mazer CD, Fremes S, MacAdams C, Murkin
JM, et al. A comparison of aprotinin and lysine analogues in high-risk
cardiac surgery. N Engl J Med 2008;358:2319–31.
235 McMullan V, Alston RP. III. Aprotinin and cardiac surgery: a sorry tale
of evidence misused. Br J Anaesth 2013;110:675–8.
236 Canada H. Health Canada Decision on Trasylol (Aprotinin) (21 September 2011, date last accessed).
237 Agency E. European Medicines Agency Recommends Lifting Suspension
of Aprotinin; Review Finds That Beneﬁts of All Antiﬁbrinolytic
Medicines Outweigh Risks in Restricted Range of Indications (17
February 2012, date last accessed).
238 Yang L, Stanworth S, Hopewell S, Doree C, Murphy M. Is fresh-frozen
plasma clinically effective? An update of a systematic review of
randomized controlled trials. Transfusion 2012;52:1673–86; quiz.
239 Karkouti K, McCluskey SA, Syed S, Pazaratz C, Poonawala H, Crowther
MA. The inﬂuence of perioperative coagulation status on postoperative
blood loss in complex cardiac surgery: a prospective observational study.
Anesth Analg 2010;110:1533–40.
240 Ternstrom L, Radulovic V, Karlsson M, Baghaei F, Hyllner M, Bylock
A, et al. Plasma activity of individual coagulation factors, hemodilution
and blood loss after cardiac surgery: a prospective observational study.
Thromb Res 2010;126:e128–33.
241 Theusinger OM, Baulig W, Asmis LM, Seifert B, Spahn DR. In vitro
factor XIII supplementation increases clot ﬁrmness in Rotation Thromboelastometry (ROTEM). Thromb Haemost 2010;104:385–91.
242 Karkouti K, Callum J, Crowther MA, McCluskey SA, Pendergrast J, Tait
G, et al. The relationship between ﬁbrinogen levels after cardiopulmonary
bypass and large volume red cell transfusion in cardiac surgery: an
observational study. Anesth Analg 2013;117:14–22.
243 Levy JH, Gill R, Nussmeier NA, Olsen PS, Andersen HF, Booth FV,
et al. Repletion of factor XIII following cardiopulmonary bypass using a
recombinant A-subunit homodimer. A preliminary report. Thromb Haemost 2009;102:765–71.

Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

244 Hiippala ST, Myllyla GJ, Vahtera EM. Hemostatic factors and replacement of major blood loss with plasma-poor red cell concentrates. Anesth
Analg 1995;81:360–5.
245 Bolliger D, Gonsahn M, Levy JH, Williams WH, Tanaka KA. Is
preoperative ﬁbrinogen predictive for postoperative bleeding after coronary artery bypass grafting surgery? Transfusion 2009;49:
2006–7; author reply 7–8.
246 Tanaka KA, Esper S, Bolliger D. Perioperative factor concentrate therapy.
Br J Anaesth 2013;111(Suppl 1):i35–49.
247 Jeppsson A, Walden K, Roman-Emanuel C, Thimour-Bergstrom L,
Karlsson M. Preoperative supplementation with ﬁbrinogen concentrate
in cardiac surgery: a randomized controlled study. Br J Anaesth
2016;116:208–14.
248 Rahe-Meyer N, Solomon C, Hanke A, Schmidt DS, Knoerzer D,
Hochleitner G, et al. Effects of ﬁbrinogen concentrate as ﬁrst-line therapy
during major aortic replacement surgery: a randomized, placebocontrolled
trial. Anesthesiology 2013;118:40–50.
249 Ranucci M, Baryshnikova E, Crapelli GB, Rahe-Meyer N, Menicanti L,
Frigiola A. Randomized, double-blinded, placebo-controlled trial of
ﬁbrinogen concentrate supplementation after complex cardiac surgery. J
Am Heart Assoc 2015;4. e002066.
250 Rahe-Meyer N, Levy JH, Mazer CD, Schramko A, Klein AA, Brat R,
et al. Randomized evaluation of ﬁbrinogen vs placebo in complex
cardiovascular surgery (REPLACE): a double-blind phase III study of
haemostatic therapy. Br J Anaesth 2016;117:41–51.
251 Ranucci M, Baryshnikova E. Fibrinogen supplementation after cardiac
surgery: insights from the Zero-Plasma trial (ZEPLAST). Br J Anaesth
2016;116:618–23.
252 Fassl J, Lurati Buse G, Filipovic M, Reuthebuch O, Hampl K, Seeberger
MD, et al. Perioperative administration of ﬁbrinogen does not increase
adverse cardiac and thromboembolic events after cardiac surgery. Br J
Anaesth 2015;114:225–34.
253 Ghadimi K, Levy JH, Welsby IJ. Prothrombin complex concentrates for
bleeding in the perioperative setting. Anesth Analg 2016;122:1287–300.
254 Arnekian V, Camous J, Fattal S, Rezaiguia-Delclaux S, Nottin R, Stephan
F. Use of prothrombin complex concentrate for excessive bleeding after
cardiac surgery. Interact CardioVasc Thorac Surg 2012;15:382–9.
255 Cappabianca G, Mariscalco G, Biancari F, Maselli D, Papesso F, Cottini
M, et al. Safety and efﬁcacy of prothrombin complex concentrate as ﬁrstline treatment in bleeding after cardiac surgery. Crit Care 2016;20:5.
256 Carless PA, Henry DA, Moxey AJ, O’Connell D, McClelland B,
Henderson KM, et al. Desmopressin for minimising perioperative allogeneic blood transfusion. Cochrane Database Syst Rev 2004;1:CD001884.
257 Crescenzi G, Landoni G, Biondi-Zoccai G, Pappalardo F, Nuzzi M, Bignami
E, et al. Desmopressin reduces transfusion needs after surgery: a metaanalysis of randomized clinical trials. Anesthesiology 2008;109:1063–76.
258 Desborough MJ, Oakland KA, Landoni G, Crivellari M, Doree C,
Estcourt LJ, et al. Desmopressin for treatment of platelet dysfunction
and reversal of antiplatelet agents: a systematic review and meta-analysis
of randomized controlled trials. J Thromb Haemost 2017;15:263–72.
259 Steiner ME, Ness PM, Assmann SF, Triulzi DJ, Sloan SR, Delaney M,
et al. Effects of red-cell storage duration on patients undergoing cardiac
surgery. N Engl J Med 2015;372:1419–29.
260 Lacroix J, Hebert PC, Fergusson DA, Tinmouth A, Cook DJ, Marshall
JC, et al. Age of transfused blood in critically ill adults. N Engl J Med
2015;372:1410–8.
261 Dzieciatkowska M, Silliman CC, Moore EE, Kelher MR, Banerjee A, Land
KJ, et al. Proteomic analysis of the supernatant of red blood cell units: the
effects of storage and leucoreduction. Vox Sang 2013;105:210–8.
262 Membe SK, Coyle D, Husereau D, Cimon K, Tinmouth A, Normandin S.
Octaplas Compared with Fresh Frozen Plasma to Reduce the Risk of
Transmitting Lipid-Enveloped Viruses: An Economic Analysis and
Budget Impact Analysis [Internet]. 2011.
263 Deppe AC, Weber C, Zimmermann J, Kuhn EW, Slottosch I, Liakopoulos OJ, et al. Point-of-care thromboelastography/thromboelastometrybased coagulation management in cardiac surgery: a meta-analysis of
8332 patients. J Surg Res 2016;203:424–33.

C. Boer et al. / Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]
264 Serraino GF, Murphy GJ. Routine use of viscoelastic blood tests for diagnosis and treatment of coagulopathic bleeding in cardiac surgery: updated
systematic review and meta-analysis. Br J Anaesth 2017;118:823–33.
265 Karkouti K, Callum J, Wijeysundera DN, Rao V, Crowther M, Grocott HP,
et al. Point-of-care hemostatic testing in cardiac surgery: a stepped-wedge
clustered randomized controlled trial. Circulation 2016;134:1152–62.
266 Murphy GJ, Pike K, Rogers CA, Wordsworth S, Stokes EA, Angelini
GD, et al. Liberal or restrictive transfusion after cardiac surgery. N Engl J
Med 2015;372:997–1008.
267 Hajjar LA, Vincent JL, Galas FR, Nakamura RE, Silva CM, Santos MH,
et al. Transfusion requirements after cardiac surgery: the TRACS
randomized controlled trial. JAMA 2010;304:1559–67.
268 von Heymann C, Sander M, Foer A, Heinemann A, Spiess B, Braun J,
et al. The impact of an hematocrit of 20% during normothermic
cardiopulmonary bypass for elective low risk coronary artery bypass
graft surgery on oxygen delivery and clinical outcome–a randomized
controlled study [ISRCTN35655335]. Crit Care 2006;10:R58.
269 Klausen SS, Hervig T, Seghatchian J, Reikvam H. Bacterial contamination of blood components: Norwegian strategies in identifying donors
with higher risk of inducing septic transfusion reactions in recipients.
Transfus Apher Sci 2014;51:97–102.
270 Dwyre DM, Fernando LP, Holland PV. Hepatitis B, hepatitis C and HIV
transfusion-transmitted infections in the 21st century. Vox Sang
2011;100:92–8.
271 Shaz BH, Stowell SR, Hillyer CD. Transfusion-related acute lung injury:
from bedside to bench and back. Blood 2011;117:1463–71.
272 Dunbar NM. Current options for transfusion-related acute lung injury risk
mitigation in platelet transfusions. Curr Opin Hematol 2015;22:554–8.
273 Vamvakas EC, Blajchman MA. Transfusion-related immunomodulation
(TRIM): an update. Blood Rev 2007;21:327–48.
274 Blumberg N, Zhao H, Wang H, Messing S, Heal JM, Lyman GH. The
intention-to-treat principle in clinical trials and meta-analyses of leukoreduced blood transfusions in surgical patients. Transfusion 2007;47:
573–81.
275 Rohde JM, Dimcheff DE, Blumberg N, Saint S, Langa KM, Kuhn L,
et al. Health care-associated infection after red blood cell transfusion: a
systematic review and meta-analysis. JAMA 2014;311:1317–26.
276 Bilgin YM, van de Watering LM, Eijsman L, Versteegh MI, Brand R, van
Oers MH, et al. Double-blind, randomized controlled trial on the effect of
leukocyte-depleted erythrocyte transfusions in cardiac valve surgery.
Circulation 2004;109:2755–60.
277 Sartipy U, Holzmann MJ, Hjalgrim H, Edgren G. Red blood cell
concentrate storage and survival after cardiac surgery. JAMA 2015;314:
1641–3.
278 Alexander PE, Barty R, Fei Y, Vandvik PO, Pai M, Siemieniuk RA, et al.
Transfusion of fresher vs older red blood cells in hospitalized patients: a
systematic review and meta-analysis. Blood 2016;127:400–10.
279 Vamvakas EC. Relative safety of pooled whole blood-derived versus
single-donor (apheresis) platelets in the United States: a systematic review
of disparate risks. Transfusion 2009;49:2743–58.
280 Welsby IJ, Lockhart E, Phillips-Bute B, Campbell ML, Mathew JP,
Newman MF, et al. Storage age of transfused platelets and outcomes after
cardiac surgery. Transfusion 2010;50:2311–7.
281 Ogawa S, Szlam F, Bolliger D, Nishimura T, Chen EP, Tanaka KA. The
impact of hematocrit on ﬁbrin clot formation assessed by rotational
thromboelastometry. Anesth Analg 2012;115:16–21.
282 Wikkelso A, Wetterslev J, Moller AM, Afshari A. Thromboelastography
(TEG) or thromboelastometry (ROTEM) to monitor haemostatic treatment versus usual care in adults or children with bleeding. Cochrane
Database Syst Rev 2016;8:CD007871.
283 Whiting P, Al M, Westwood M, Ramos IC, Ryder S, Armstrong N, et al.
Viscoelastic point-of-care testing to assist with the diagnosis, management and monitoring of haemostasis: a systematic review and costeffectiveness analysis. Health Technol Assess 2015;19:1–228. v–vi.
284 Weber CF, Gorlinger K, Meininger D, Herrmann E, Bingold T, Moritz A,
et al. Point-of-care testing: a prospective, randomized clinical trial of
efﬁcacy in coagulopathic cardiac surgery patients. Anesthesiology
2012;117:531–47.
Please cite this article as: . (2017), http://dx.doi.org/10.1053/j.jvca.2017.06.026

33

285 Song HK, von Heymann C, Jespersen CM, Karkouti K, Korte W, Levy
JH, et al. Safe application of a restrictive transfusion protocol in
moderate-risk patients undergoing cardiac operations. Ann Thorac Surg
2014;97:1630–5.
286 Ranucci M, Aloisio T, Carboni G, Ballotta A, Pistuddi V, Menicanti L,
et al. Acute kidney injury and hemodilution during cardiopulmonary
bypass: a changing scenario. Ann Thorac Surg 2015;100:95–100.
287 Patel NN, Avlonitis VS, Jones HE, Reeves BC, Sterne JA, Murphy GJ.
Indications for red blood cell transfusion in cardiac surgery: a systematic
review and meta-analysis. Lancet Haematol 2015;2:e543–53.
288 Nakamura RE, Vincent JL, Fukushima JT, de Almeida JP, Franco RA,
Lee Park C, et al. A liberal strategy of red blood cell transfusion reduces
cardiogenic shock in elderly patients undergoing cardiac surgery. J
Thorac Cardiovasc Surg 2015;150:1314–20.
289 Kumar A, Mhaskar R, Grossman BJ, Kaufman RM, Tobian AA,
Kleinman S, et al. Platelet transfusion: a systematic review of the clinical
evidence. Transfusion 2015;55:1116–27. quiz 5.
290 Kaufman RM, Djulbegovic B, Gernsheimer T, Kleinman S, Tinmouth
AT, Capocelli KE, et al. Platelet transfusion: a clinical practice guideline
from the AABB. Ann Intern Med 2015;162:205–13.
291 Annich GM. Extracorporeal life support: the precarious balance of
hemostasis. J Thromb Haemost 2015;13(Suppl 1):S336–42.
292 Bates SM, Weitz JI. Coagulation assays. Circulation 2005;112:e53–60.
293 Wool GD, Lu CM, Education Committee of the Academy of Clinical
Laboratory Physicians and Scientists. Pathology consultation on anticoagulation monitoring: factor X-related assays. Am J Clin Pathol
2013;140:623–34.
294 Price EA, Jin J, Nguyen HM, Krishnan G, Bowen R, Zehnder JL.
Discordant aPTT and anti-Xa values and outcomes in hospitalized
patients treated with intravenous unfractionated heparin. Ann Pharmacother 2013;47:151–8.
295 Adatya S, Uriel N, Yarmohammadi H, Holley CT, Feng A, Roy SS, et al.
Anti-factor Xa and activated partial thromboplastin time measurements
for heparin monitoring in mechanical circulatory support. JACC Heart
Fail 2015;3:314–22.
296 Koster A, Chew D, Grundel M, Hausmann H, Grauhan O, Kuppe H, et al.
An assessment of different ﬁlter systems for extracorporeal elimination of
bivalirudin: an in vitro study. Anesth Analg 2003;96:1316–9.
297 Hoechter DJ, von Dossow V, Winter H, Muller HH, Meiser B, Neurohr C,
et al. The munich lung transplant group: intraoperative extracorporeal
circulation in lung transplantation. Thorac Cardiovasc Surg 2015;63:706–14.
298 Bembea MM, Annich G, Rycus P, Oldenburg G, Berkowitz I, Pronovost
P. Variability in anticoagulation management of patients on extracorporeal membrane oxygenation: an international survey. Pediatr Crit Care
Med 2013;14:e77–84.
299 Chu DC, Abu-Samra AG, Baird GL, Devers C, Sweeney J, Levy MM,
et al. Quantitative measurement of heparin in comparison with conventional anticoagulation monitoring and the risk of thrombotic events in
adults on extracorporeal membrane oxygenation. Intensive Care Med
2015;41:369–70.
300 Yeo HJ, Kim do H, Jeon D, Kim YS, Cho WH. Low-dose heparin during
extracorporeal membrane oxygenation treatment in adults. Intensive Care
Med 2015;41:2020–1.
301 Byrnes JW, Swearingen CJ, Prodhan P, Fiser R, Dyamenahalli U.
Antithrombin III supplementation on extracorporeal membrane oxygenation: impact on heparin dose and circuit life. ASAIO J 2014;60:57–62.
302 Ranucci M, Baryshnikova E, Cotza M, Carboni G, Isgro G, Carlucci C,
et al. Coagulation monitoring in postcardiotomy ECMO: conventional
tests, point-of-care, or both? Minerva Anestesiol 2016;82:858–66.
303 Ranucci M, Ballotta A, Kandil H, Isgro G, Carlucci C, Baryshnikova E, et al.
Bivalirudin-based versus conventional heparin anticoagulation for postcardiotomy extracorporeal membrane oxygenation. Crit Care 2011;15:R275.
304 Pieri M, Agracheva N, Bonaveglio E, Greco T, De Bonis M, Covello RD,
et al. Bivalirudin versus heparin as an anticoagulant during extracorporeal
membrane oxygenation: a case-control study. J Cardiothorac Vasc Anesth
2013;27:30–4.
305 Beiderlinden M, Treschan T, Gorlinger K, Peters J. Argatroban in extracorporeal membrane oxygenation. Artif Organs 2007;31:461–5.

